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ABSTRACT
RICHARD ALBERT WEAVER. Removal of
Ozone by the Extrathoracic and
Intrathoracic Airways in Man. (Under
the direction o-f Dr.   Parker C. Reist)
Extrathoracic and intrathoracic ozone removal were
studied in eighteen healthy, nonsmoking volunteers
using a controlled environmental chamber.
Ozone-containing air was drawn through a polyethylene
sampling tube placed through one nostril into the
posterior pharynx, and analyzed with a rapidly
responding ozone analyzer. Measurements were made
using a randomized split-split plot design -for each
subject at ozone concentrations o-f 0.1 ppm, 0.2 ppm and
0.4 ppm, using three breathing modes (nasal, oronasal
and mouth) , and at two di-f-ferent breathing frequencies
(12 and 24 BPM). For extrathoracic ozone removal,
significant effects were demonstrated for mode of
breathing and breathing frequency (both with p< 0.001),
but not for ambient ozone concentration. For
intrathoracic ozone removal, significant effects were
demonstrated for ambient ozone concentration (p" 0.032)
and for breathing frequency (p<0.001), but not for mode
of breathing. Mechanisms are postulated to explain the
results obtained.
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REMOVAI-  OF  OZONE  BY  THE
EXTRATHORACIC  AND  INTRATHORACIC
AIRWAYS  IN  MAN
RICHARD  A.   WEAVER
INTRODUCTION
The present study characterizes the removal o-f
ozone by the oro-nasal mucosa (extrathoracic airways)
of human volunteers, and assesses how much of the ozone
passing the extrathoracic airways is removed by the
intrathoracic airways. Ozone removal is evaluated as a
function of mode of breathing (oral, nasal, and
oro-nasal), of ozone concentration, and of breathing
frequency.
Ozone is a highly reactive and unstable gas, which
is formed naturally at high altitudes by photochemical
dissociation. It is also formed as a result of the
action of sunlight on ozone precursors released as
pollutants from man-made sources. Schoebein^ observed,
soon after the discovery of ozone, that ambient air
colored sensitive ozone reagent paper in the same way
as ozone. He concluded by this finding that ozone is a
normal constituent of our atmosphere.   Furthermore he
concluded that the amount of  this gas is different  at
the same place at different times.
Ozone has been recognized as a major component of
urban air pollution for the past forty years. However,
knowledge of its toxic properties has been accumulating
since its discovery by Schonbein in 1839='^. In the
early 1850's^ death was demonstrated in animals as a
result of injury to the respiratory tract. It was
found that "the breathing of oxygen which contains
1/240 of ozone kills, with high reproducibility, all
animals even within a very short time.... The
breathing of such a mixture of ozone for only thirty
seconds kills small animals. Some of them died even
after fifteen seconds whereas similar animals lived in
good health for months after they breathed oxygen alone
for thirty-seven hours. The death was not caused by
the closing of the glottis, because the death also
occurred after a large opening is conducted in the
trachea. The ozone caused the deaths by the creation
of an intensive compression of the lung with emphysema
and distention of the right side of the heart with
liquid or coagulated blood, accompanied by convulsions.
If the ozone is breathed in diluted form, the animals
became sleepy and died quietly in a coma. The
condition of the lungs and the heart was the same as
above except that the emphysema was less predominant."
In ths sams articls, it was rsportsd that "ths
brsathing of hsavily ozons containing air dvcrsassd ths
numbsr of brsaths psr minuts, dscrsassd also ths powsr
of ths hsartbsat. Similarly ths tsmpsraturs dscrsasss
in ths animals by thrss to fivs dsgrsss Csntigrads.
Aftsr dsath, ths blood is found in its vsnous
condition. Nsithsr ths capillary circulation nor ths
rsflsx activity of ths spinal cord is rsmarkably
affsctsd. Ths sams is trus for ths contractility and
ths working fores of ths musclss."
Many rscsnt studiss havs bssn carrisd out sxamining
ths sffscts of ozons on animals as wsll as humans.
Thsy havs mainly addrssssd ths pulmonary sffscts of
ozonSf with a small body of information on ths
SMtrapulmonary sffscts sssn with ozons sxposurs. Whils
many of ths sarly toxicity studiss utilizsd
concsntrations of ozons in sxcsss of 1 ppm, mors rscsnt
studiss havs svaluatsd concsntrations mors
rsprsssntativs of rsalistic ambisnt ozons
concsntrations.
Sevsral invsstigators havs attsmptsd to quantify
ths doss-rssponss sffsct of ozons on ths lung using a
"critical doss" or "sffsctivs doss" concspt to sstimats
ths amount of an inhalsd bolus of ozons which rsachss
the pulmonary tissuss. *• ^^'^^^ •=*• ͣ•»•=•»   Thsy  havs
characterized the dose reaching the lung as a -function
o-f ambient ozone concentration, ventilatory rate, and
exposure time. The studies have only alluded to naso-
and oropharyngeal removal o-f ozone as a -factor to be
considered in determining dose to the lower airways.
Mathematical models o-f ozone removal by the
intrathoracic airways have been developed'*•'*'* •'*''.
However, a determination o-f absorbed ozone dose in the
lungs requires knowledge o-f the amount of ozone removed
by the extrathoracic airways- data which cannot be
accurately modeled.
There are a plethora o-f animal data evaluating the
upper airway removal o-f various gases including
ozone=»''*'^ •=*•'*='•-**•* ͣ•=» •*='''=', but only one study
assessing nasal removal o-f a gaseous pollutant in
humans, and that was -for sulfur dioxide.^'^ At present
there are no studies published which evaluate human
extrathoracic or intrathoracic airways removal o-f
ozone, critical -factors in the determination of how
much of an inhaled dose of ozone reaches its site of
action in the lung.
Several investigators have found a wide range of
sensitivity of human pulmonary function response to a
given ozone concentration. *'^^ ***•=* •=**»=*=»»=«''»'*o»*»«'
Some have postulated that the variation in physiologic
^ ͣ^'HfSfsM«W||J*%4i^^P*.,»!!JyA-c
response -from individual to individual is due to
differences in age, sex, and smoking habits. =^^
However, studies done on populations of non-smoking
males have shown this inter-subJect variability of
response, and have also shown that the variability
exists regardless of age.'- Although there is a wide
range of individual responses to ozone, if the same
person is retested, pulmonary responses to ozone
exposure are consistently reproducible for each
individual for as long as ten months.^"^
One factor which could account for the
inter-subject variability of response is alluded to in
the "effective dose" concept. The reaction of the
pulmonary receptor is not to the concentration of ozone
in the inspired air, but to the amount of ozone
reaching the pulmonary region after transit through the
upper respiratory passages. There are three possible
routes by which air can reach the lung in a normal
individual- through the nose, through the mouth, or
through a combination of both routes. If naso- and
oropharyneal ozone removal differ significantly from
individual to individual, the amount of ozone reaching
the intrathoracic region could differ enough to account
for the measured variability in pulmonary response.
ApproMimataly 70'/; o-f normal individual a breathe
through their noaa at reat and during light exerciae.
Aa the level of exerciae increaaea, pure naaal
breathing awitchea to oronaaal breathing at a mean
minute ventilation (0=) o-f 35.3 liter a/minute,'*'* with
15,5 litera/minute occurring orally, and 19.8
litera/minute occurring naaally. Aa Ok increaaea to 90
litera/minute, oral -flow increaaea to 53.4
litera/minute and naaal flow to 36.6 litera/minute. In
the approximately 15'/. of individual a who are mouth
breathera (compulaively breathe with their mouth open
at reat), the oronaaal airflow diatribution pattern ia
aimilar.-*" Thua it can be aeen that even during
oronaaal breathing, a aignificant proportion of minute
ventilation paaaea through the noae.
The total aurface area of the human noae,
approximately 160 cm''**, ia amall compared to the 70 m^'
aurface area of the entire reapiratory ayatem.** For
normal roating ventilation <400 cc/aec), inapired gaa
will have a reaidence time of only 0.05 aeconda, and
for increaaed ventilatory ratea, an even ahorter
reaidence time. The noae haa aeveral featurea which
compenaate for thia ahort reaidence time and email
aurface area. Aa air paaaea through the noae, it
contacta the aeptum, the turbinatea, and the pharyngeal
wall. Each tima air ancountars an obstruction, it must
changa diraction, thus causing turbulant flow. In
addition, tha nasal mucosa is suppliad with a rich
vasculatura which is wall dasigned for tha uptaka of
substancas dissolved in tha nasal mucus.
Substancas which ara ralativaly non-raactiva and
watar-solubla (ammonia, sulfur dioxida, formaldahyda)
Mill ba almost totally ramovad in tha coursa of passaga
through tha nosa during normal braathing. Lass
watar-solubla gases <02one, nitrogen dioxide) may
penetrate more deeply into the lung. Total nasal
removal will depend on tidal volume, respiratory rate,
and initial concentration, ^^^ on the extant of mouth
breathing, and on the solubility and reactivity of the
substance. Therefore, the amount of an inhaled
pollutant which will be removed by the human nose and
mouth determines the dose to the lower airway, and thus
has important health implications. Studies of the
extrathoracic removal of ozone in animals suggest that
ozone removal varies directly with ambient
concentration of ozone, inversely with flow rate, and
that nasal removal is greater than oral removal.''''**'^*
8BACKGROUND
Formation and transport of oione
Ozone is a colorless gas with the chemical formula
O3, and a molecular weight of 48. It can remove
electrons from, or share electrons with other
molecules, and thus is a strong oxidant, having a
standard redox potential of +2.07.*** Stratospheric
ozone reaches the earth's surface in sufficient
quantities to account for a background concentration of
0.05 parts pmr million (ppm).*^ Ozone is formed in
ambient tropospheric air when two major classes of
precursor pollutants, volatile nonmethane organic
compounds (NMOC)'^ and nitrogen oxides, react in the
presence of sunlight to form ozone as a secondary
pollutant. These two classes of precursors are
produced primarily from man-made sources (industrial
processes, transportation, and stationary source
combustion).
There are many NMDC's which are precursors to the
formation of ozone, including alkenes <the most
a.) Since lany halogenated and oxygenated carbon coipounds play iiportant roles in
photocheiical air poliutim processes, and since eethane is essentially unreactive in tite
photocheiical processes tihich lead to the foriatiim of ozone, the tere nonNthane organic
coipounds is used in preference to the ten hydrocarbon.
reactive), terpenea, alkynes, aromatice, alkanee (the
least reactive), and aldehydes (the moet abundant
non-hydrocarbon). The two onides of nitrogen which are
involved in the photochemical processes leading to the
formation of ozone are nitric oxide (NO), and nitrogen
dioxide (NOa)- which is itself an oxidant.
The chemical reactions which take place leading to
the formation of atmospheric oxidants are extremely
complex, but three relatively simple reactions can
illustrate the relationship between nitric oxide,
nitrogen dioxide, and ozone. First is the photolytic
breakdown of NOa by sunlight} second is the reaction of
the atomic oxygen formed in the photolytic process with
atmospheric oxygen in the presence of an energy
absorbing third molecule (M) to form ozonei third is
the reaction of NO with the ozone formed, leading to
the regeneration of NOa.*° These reactions are
summarized belowi
NOa + photon   ---> NO + 0      (I)
0 + Oa + M    ---> O3 + M      (2)
NO + O3        ---> NOa *  Oa     <3)
The rate of ozone formation depends upon a rate
constant, k, which is related to the flux of solar
radiation   (blue  and   near-ultraviolet).      The
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relationship between NO, NOa, and O3 can be expressed
as followsi
CO33 - kiCNOal/ksCNO]
where kt is the rate constant for nitrogen dioKide, and
ks is the rate constant for nitric oxide. This
equation is the photostat!onary state expression for
ozone.^^ ks is usually SO-100 times greater than k&.
From this equation, then, it can be seen that the
concentration of ozone is also dependent upon the ratio
of CNOal/CNO^. ^'=' Because the ratio of ki/ks is on the
order of 0.01-0.02, most of the NO must be converted to
NO2 before significant amounts of ozone can be formed.
If reactions 1-3 above were the sole atmospheric
reactions taking place, the ozone formed would be
consumed in the re-formation of NOa. However, volatile
nonmethane organic compounds present in the atmosphere
react to form free radicals which enter the NO-NOa-Os
cycle and consume the nitric oxide formed during the
production of ozone.  These reactions are as followsi
NOa + photon       ---> NO + 0        (1)
NMOC +  various cpds ---> Radicals       (4)
Radicals + NO       ---> NOa + Radicals (5>
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Thum, am NO im conmumadi aquation 2 procaadm and ozona
accumulatam in tha atmomphara.
Equatlonm 1-5 do not continua indafinitaly.
Dacraaaing molar -flux am tha day programmaa mloMm tha
raactionm, and tarminating raactionm gradually refflov*
NO and NOz -From tha atmomphara. Tha cycla would coma
to a halt i-f -framh oxidam of nitrogan (NOx> amimmionm
wera not continuoumly injactad into tha atmoaphara.
liataorologic procammaa alao govarn tha accumulation
of ozone precurmorm, and tha formation and mubmaquant
tranmport of ozona. The moat important of thame
phenomena are the intenaity and wavelength of aunlight,
wind mpeed and direction, degree of atmospheric
mtability, and mynoptic weather conditions. Some
authorm have gone mo far am to downplay the role of
photochemical procemmem in the production of
tropospheric ozone, and have aacribed increased levels
of ozone to incursion of stratospheric ozone into the
troposphere via tropospheric folds. *®'°*" While the
background concentration of ozone, and some of the
elevations of regional ozone concentration can most
certainly be ascribed to stratospheric incursions, very
few authors support the theory that the major source of
tropospheric ozone im mtratompheric in origin.
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Ambient concentrations o-f ozone depend on the
concentration o-F the precursors at the source,
scavenging during transport, local and synoptic weather
conditions, emissions from multiple source areas along
the path o-f the air mass, and the degree o-f atmospheric
mixing which occurs from the time the pollutant or its
precursors are emitted, to the time they arrive at the
receptor. The amount o-f atmospheric mixing depends, in
turn, on the wind speed and direction, and on the
amount of turbulent mixing which occurs. Since
pollutants do not spread laterally or upward through
stable layers, atmospheric stability then becomes one
of the major determinants of turbulent mixing. The
most stable atmospheric conditions occur with
temperature inversions.
Both surface and elevated inversions can occur
simultaneously. Surface inversions show a diurnal
pattern, forming in the evening as solar radiation
diminishes, and breaking up by mid-morning as solar
radiation heats the earth's surface. Elevated
inversions, however, can persist throughout the day,
trapping pollutants between the bottom of the inversion
and the earth's surface. Given the right combination
of inversions, wind speed, and direction, ozone
produced over an urban or industrialized area can be
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carried great distances. Transport can be urban-scale
<20-30 miles downwind from the source), meso-scale (up
to 200 miles downwind from the source), or
synoptic-scale, associated with high pressure systems
with weak winds and limited vertical mixing (may cover
hundreds of miles).
It has been shown that ozone trapped above a
surface inversion can have a half-life of 46-104
hours'^*, and that air parcels can travel over multiple
source areas picking up ozone and its precursors from
each source, distributing them over widespread and
far—removed areas.^'^ It has also been shown that as
much as two-thirds of a peak ozone concentration in one
state may have its origin in a metropolitan area of
another state.^^ Peak and average concentrations of
ozone may be higher in non-urban than in urban areas
because of transport of ozone into areas that lack the
nitric oxide required to scavenge ozone, and because of
the induction and transport times for ozone. In
addition, ozone persists longer in non-urban areas
because of the absence of chemical scavengers.
An interesting perspective on the urban/non-urban
distribution of ozone can be found in the examination
of ozone literature prior to the proliferation of
internal combustion  engines.    Andrews'"  states  that
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"ozone is rarely found in the ambient air of big
cities, except in the suburbs if the wind is blowing
from the countryside. It is only very rarely and
exceptionally found in the air of very big and well
ventilated rooms. Indeed it is quickly destroyed in
rooms where a great number of people are living, by
smoke and other conditions of dirt. This destroying
effect was observed by me two to three English miles
away from a factory town even during bright and nice
weather.
"However, ozone is rarely missing during bright
weather in the countryside and is more often found on
hills than in the plains.... It has also been found in
exceptional concentrations after thunderstorms. This
might be explained by the effects of free electricity
on air or its oxygen. ...researchers found higher
ozone concentrations in the spring and summer than in
autumn and winter."
In an interesting comment on scavenging, Andrews
stated "the permanent absence of ozone in the air of a
certain place, however, can be seen as a proof that we
breathe stale or polluted air.... Indeed it is most
likely that among the most important actions of
elimination of airborne dust due to flora or fauna are
oxidizing   reactions   of   ozone   with    these
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substancas.... If tha amount o-f ozona appaars to ba too
small to cause such graat results, so ona should ba
reminded that ozone is continuously consumed and
therefore must be continuously produced."
Prior to the early 1970's, ambient concentrations
in excess of 0.6 ppm were not rare, especially in and
around pacific coastal cities of Southern California.'^
Air quality standards for ozone were originally
established by the Environmental Protection Agency in
1978 at 0.08 ppm <1 hour average)*•=, but were revised
in February, 1979 to 0.12 ppm (1 hour average). Since
implementation of this standard, peak and average
ambient ozone concentrations have decreased. However,
examination of national trend data for 1975-1983
reveals that the composite average of the second
highest value among daily maximum l-hour ozone
concentrations'' at 176 state, local, and national air
monitoring sites remains above 0.12 ppm for every yeari
California station averages are all above 0.15 ppm.
During this same period, ozone monitoring sites
established at pristine sites in several national
forests recorded readings at or above 0.12 ppm on
b.) The second highest one hour value for each station is selected froi all daily laxieui one
hour values recorded per year at that station. These values are then used to detereine the
yearly average second highest eaxieui one hour value.
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ͣavaral occasions.^^ Ona National Air Pollution
Background Natwork station in tha Mark Twain National
Forast in Missouri, -for axampla, maasurad a ona hour
paak ozona concantration o-f 0.125 ppm during passaga o-f
an air mass, tha trajactory of which was calculatad to
hava passad ovar Datroit, Cincinnati, and Louisvilla in
tha hours bafore raaching tha national -forast sita. **»
Thus ozona pollution is a problam which has not
baen solvad by promulgation of National Ambiant Air
Quality Standards (NAAQS). It is also a problam which
is not solaly  restricted to urban and  industrialized
areas.
Health affects
Functional biological changes have been reported as
a result of acute, short term exposure to moderate and
low levels of ozone. The main target of ozone in the
human is the respiratory tract, which can be considered
as comprising three major compartments for purposes of
inhalation toxicology- the nasopharyngeal region, the
tracheobronchial region, and tha pulmonary region. The
nasopharyngeal compartment extends from the external
nares to the upper margin of the larynx| the
tracheobronchial compartment extends from the upper
margin of  the larynx  down to,  and  including,  the
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terminal bronchioles) the pulmonary compartment is
comprised of the -functional gas exchange region
(respiratory bronchioles, alveolar ducts, and
alveoli) .'=*** For the most part, the linings o-f the
nasopharyngeal and tracheobronchial compartments are
similar, and consist o-f ciliated, pseudostratif ied
columnar epithelium and mucous (goblet) cells.
On a molecular level, evidence points to cellular
membranes as the site of ozone toxicity. Since ozone
is a potent oxidant, it has been postulated that
oxidation o-f thiols in tissue proteins and/or oxidation
o-f unsaturated -fatty acids mrm responsible -for the
toxic e-ffects seen.**^ Damage to ciliated cells o-f the
nasopharyngeal and tracheobronchial compartments o-f
animals has been demonstrated at concentrations as low
as 0.2 ppm, and destruction o-f type I pneumocytes with
proliferation of type II pneumocytes in the pulmonary
region has been demonstrated at concentrations as low
as O.S ppm.'*=«
There are a number of extrapulmonary effects which
have been ascribed to ozone exposure. Since ozone is a
very reactive gas, little is absorbed into the
circulation, so it is not believed that these effects
Arm due to direct absorption. Postulated mechanisms
include oxidation  of  labile compounds  in  biologic
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systams producing biochamical or structural changas, or
ralaasa of neurohumoral substances as a result of
interaction of oione with pulmonary neural receptors.*"*
These effects in humans range from alteration in
indexes of vision with short term exposure to 0.2--0.S
ppm^", to increases in red blood cell osmotic fragility
with exposures to 0.5 ppm for 165 minutes'^. Among the
biochemical abnormalities which have been demonstrated
in animal studies are altered hepatic nucleic acid
concentrations, shifts in the content of metals in the
liver, and changes in urinary pH. *"*•'•=*
The major concern in humans exposed to current
ambient levels of ozone<= has been the demonstration of
pulmonary function decrements. Many animal studies
have bean conducted to evaluate the effect of ozone on
pulmonary function. However, many of the animal
pulmonary function tests comparable to those performed
on humans after acute exposures to ozone are very
difficult to interpret. In recent years several
studies have examined human response to ozone
concentrations of less than 1 ppm. Epidemiologic
studies have shown little or no effect on pulmonary
c.} Nith the exception of Dccasional inversion conditions in California, and rare invtriion
conditions in the northeast, peak aibient levels oi ozone are beloM 0.3 ppa and do notpersist for eore than 1-2 hours.
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function of resting individuals with ozone
concentrations less than 0.15 ppm,='' and controlled
experimental exposures to resting subjects have shown
no effect up to 0.3 ppm. For exposures between 0.3 and
i.O ppm, the commonest and most consistent pulmonary
responses are cough, substernal discomfort with deep
inspiration (sometimes called chest tightness), and
decreased lung volumes. ^°'=^"*'=^*''=^'''=*=*'^^•^^•ͣ*'^•='='• ^=
Several studies have shown that exposures to ozone
concentrations of 0.3--0.8 ppm in resting subjects have
resulted in significant decrements in forced vital
capacity (FVC) and/or forced expiratory volume in one
second (FEVi.o) .'•^'^'''=^'*'^^ •'="=''^^ These decreases are
felt, at this concentration of ozone, to be due to
decreases in inspiratory capacity (perhaps secondary to
inspiratory discomfort), and not due to airway
obstructive processes. ==^'=®'== There has been some
small increase in airway resistance (R-w), but most
studies concentrate on the FEVt.o since it represents
both volume and resistance changes.
If exercise is performed, the severity of symptoms
and pulmonary function decrements increases, and these
pulmonary effects Are demonstrated at lower ozone
concentrations. >^ -=2'*•..=«=»» =^.=^.=a.='5',33.^0.^i .ss This
amplification of effect depends on the level of
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exercise. Exposure to 0.37 ppm ozone with light
intermittent exercise** (Ok < 24 L/min) for 2 hours
demonstrated significant decrements in FVC and
FEV1.o.***'"*"' With moderate intermittent exercise for 2
hours <Obe 24-43 L/min.) FVC and FEVi.o were decreased
at 0.3 ppm.^*'" With very heavy intermittent exercise
(Oe >63 L/min.) for 2 hours, statistically significant
decrements in FVC and FEVi.o were noted at ozone levels
of 0.18 ppm, and coughing was noted at 0.12 ppm.'^'='
Other investigators have noted an increase in
respiratory frequency (f.^) during exercise accompanied
by a decrease in tidal volume (V-r) , (so that minute
volume remains unchanged), at ozone concentrations of
0.37 ppm- 0.75 ppm-^*** Although exposure times and Oe
are both important factors in this exercise effect,
ozone concentration still remains the dominant factor
in effecting pulmonary function decrements. *•=" ͣ •==
Several mechanisms may account for this exercise
effect. During maximal exercise, minute ventilation
can increase ten-fold leading to a greater absolute
exposure to ozone. As mentioned previously, at Ve's
above 35 l/min., an individual shifts from nasal to
oronasal breathing, allowing a large portion of
d.) Interiittent exercise in lost studies is defined as 15 linutes (rf eiercise m a treadeill
or bicycle ergoieter alternated with 15 linutes of rest.
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inspired air to bypass the putative scrubbing effects
of the nose for ambient pollutants. Decrements in FVC
attributed to decreased inspiratory effort are
speculated to result from sensitization or stimulation
of irritant receptors in the lung resulting in
voluntary or involuntary inhibition of maximal
inspiration secondary to discomfort.** •==*•'***
It has been argued that chamber studies with
exposure to pure ozone mrm unrealistic. Ambient
pollution contains many potentially toxic substances
which may act additively, synergistically, or
antagonistically with ozone. However, controlled
studies have been done utilizing mobile laboratory
facilities and volunteers breathing polluted ambient
air.* The alterations in pulmonary function noted in
these subjects were not statistically different from
controlled chamber studies. Their conclusion was that
there is no evidence of an alteration of ozone effect
in the presence of other pollutants.
An interesting phenomenon is the so-called
development of tolerance to the effects of inspired
ozone with repeated exposure, which has been shown in
animals** as well as in humans. *'='• *•*•=»* With repeated
ozone exposures on successive days, the decrements in
pulmonary function  are absent after  3-5 consecutive
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exposures, and this ablation o-f response is usually
accompanied by an absence o-f the cough and chest
tightness normally associated with ozone exposure. On
the average, this blunted response lasts 2 weeks, with
a range o-f 1-3 weeks. ^"^ The mechanism o-f this
phenomenon has yet to be elucidated. This adaptation
e-f-fect is an important consideration when evaluating
the results of studies of ozone exposure done in areas
of frequent high ambient ozone levels.
Since the Clean Air Act specifies that ambient air
quality standards should be written to protect the most
susceptible individuals, much work has been done to
define such groups. Ozone has been shown to cause
hyperreactivity to bronchoconstricting agents in
healthy individuals at concentrations of 0.4 and 0.6
ppm.==*'=^ Because of this it has been speculated that
asthmatics and patients with chronic obstructive
pulmonary disease (COPD> may be more susceptible to the
pulmonary effects of ozone. However, studies comparing
subjects with asthma and COPD to normal subjects at
ozone concentrations up to 0.6 ppm, have shown no
difference in pulmonary reactivity.=«o,3a.s^
Children have also been considered as possibly more
susceptible to the effects of ozone exposure. Studies
done on children exposed to ozone, however, have  shown
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no di-f-ference in their reeponeem when compared to
adult* expoeed to eimilar ozone level*.^' ͣ•=** The
elderly, too, have been postulated to comprise a
susceptible group, but as yet, no studies have been
done to con-firm this hypothesis.
It appears -from the above series of studies, that
the group most susceptible to the acute effects of
ozone exposure is comprised of healthy, exercising
athletes, not the young or the infirm.
Some studies have described a population of
"hyperresponders" to ozone.^'**'*** As the concentration
of ozone increases, the distribution of pulmonary
function changes widens and becomes skewed toward
larger decrements of pulmonary function. The term
"hyperresponders" is used to describe 5-20X of the
population who ArB at the upper end of this
distribution. There Mrm no criteria which clearly
define this population, and the reasons for their
sensitivity are not known. Also, in spite of the
studies which show no difference in the response of
individuals with pre-existing pulmonary disease to
ozone when compared with normal subjects, they should
still be considered at high risk. In individuals who
already have compromised pulmonary function, decrements
which may not  affect a normal  individual may  further
24
impair tha ability of  thoaa with pulmonary disaasa to
perform normal activities.
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HYPOTHESES
In the modeling o-f removal of soluble vapors by the
nose, Aharonson et al=* addressed the effect of vapor
concentration on the uptake coefficient of the vapors.
Their modeling showed that as concentration increased,
the uptake coefficient also increased, leading to
removal of a greater proportion of vapor at higher
concentrations. Because of this concentration effect,
it is hypothesized that the amount of ozone removed by
the extrathoracic and intrathoracic airways is
dependent on the ambient concentration of ozone.
The concentration upon which intrathoracic ozone
removal is based is the concentration entering the
trachea after passage through the extrathoracic
airways. Mode of breathing and ambient ozone
concentration, although affecting the amount of ozone
reaching the trachea, should not affect the manner in
which the intrathoracic airways handle the ozone. Thus
it is hypothesized that the amount of ozone removed by
the intrathoracic region is independent of
extrathoracic airway removal, and depends only on the
concentration of ozone presented to the lung.
In their work with dogs, Yokoyama and Frank^* found
that significantly more ozone was removed by the nasal
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airway as compared with the oral airway. Due to
anatomical, air flow, and chemical differences, it is
hypothesized that the amount of ozone removed by the
extrathoracic airways varies with the mode of
breathing.
Aharonson et al^, in their modeling of soluble
vapor removal by the nose found that vapor removal
varied with changes in air flow rate. It is
hypothesized that the amount of ozone removed by the
extrathoracic and intrathoracic airways varies with
changing minute ventilation (Oe).
In the present study, ozone removal by the intra-
and extrathoracic airways is evaluated as a function of
ambient ozone concentration, mode of breathing, and
breathing frequency.
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MATERIALS     AND     METHODS
Subjects
To determine the extra- and intrathoracic removal
of ozone, eighteen healthy, non-smoking male
volunteers, 18-35 years old, were recruited from the
population in and around Chapel Hill, NC. All subjects
underwent a screening procedure which included the
Minnesota Multiphasic Psychological Inventory (MMPI),
complete medical history, physical examination, SMA-20
blood chemistry screen, and complete blood count <CBC)
with differential.
Only individuals with normal screening parameters
were eligible for this protocol. Those who passed the
initial screening procedure, and who desired inclusion
in the present study, were further screened for history
of any nasal or oropharyngeal abnormality or disease,
and for history of tonsillectomy and adenoidectomy.
Reasons for exclusion from participation included a
history of upper respiratory disorder within four weeks
of the study} history of allergic rhinitis) history of
nasal polypsi history of acute or chronic
cardiovascular disease) use of medication for the week
prior to the study.
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Each candidate then underwent a nasal and
oropharyngeal examination through use of a head mirror,
nasal speculum, and tongue depressors. Abnormalities
warranting exclusion included presence of nasal polyps,
nasal septal perforation, nasal septal deviation
causing greater than 30% occlusion, or presence of
tonsillar tissue sufficient to cause significant
alteration of airflow.
Accepted subjects were informed of the purposes and
procedures of the study, and of the potential risks
from participation. Each subject was then asked to
read and sign a statement of informed consent (see
Appendix i>. The study design and the consent form
were approved by the Committee for the Protection of
the Rights of Human Subjects of the University of North
Carolina School of Medicine. Physical characteristics
of the subjects are summarized in Table 1.
Exposure technique
All ozone exposures occurred in a 2.44 meter wide X
2.44 meter long X 2.24 meter high transparent acrylic
plastic chamber***. Support members are constructed of
3.8 cm. aluminum "U" channel stock, and all seams
sealed with silicone caulking to form rigid, airtight
seams.  Total enclosed volume of the chamber is 13,282
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litars.  Th> door to tha sxposura chambar is a 76.2 cm.
X 208.3 cm.  Bhsst of  1.3 cm.  thick acrylic plastic,
with ths door  opsning mads smallsr than  ths door  to
allow ssaling  by  gaskst  matsrial.  This  providss  a
gas-lsak-proo-f door.
An intake -fan -forces ambient air through two
standard -furnace-type dust pre—filters, a charcoal
ͣfilter containing 90 pounds o-f charcoal, heating and
air conditioning coils, and a high efficiency particle
absolute <HEPA) filter. Three steam humidifiers then
humidify the air to the desired level of humidity. The
conditioned air enters an air supply duct which extends
2.4 meters from the top of the chamber, ozone is added,
and the air passes into a 71.1 cm. X 71.1 cm. square X
10.2 cm. high dispersion boK which is contiguous with
the ceiling of the chamber (see Fig. 1). The
dispersion box and air supply duct are both constructed
of acrylic plastic. A perforated aluminum grill in the
ceiling of the chamber covers the outlet of the air
supply duct and acts as a flow profile flatener.
A low speed industrial radial wheel exhaust fan
draws ambient laboratory air through the filtering and
air conditioning mechanism, and into the chamber at a
rate of 10,393 liters per minute, allowing one air
exchange every 72 seconds.  The fan output is connected
HEPA    FIUTER
STEAM   HUMIDIFIER
OZONE
FLOW   PROFILE  FLATENER
PRE-FILTERS
*
yJ     CHARCOAL FILTER
BLOWER
HEATING   &   COOLING
DISPERSION
BOX
FIG. 1
OZONE    EXPOSURE   CHAMBER
CO
o
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to the rear wall o-f the chamber at the -floor line and
an exhaust duct extends along the rear wall and both
side walls at the floor line. The chamber is
maintained at 24.4'='C (76°F> , and 30-557. relative
humidity. The intake and exhaust fans are required to
maintain the air flow, and the atmospheric balance at
-0.2 inches of water relative to atmospheric pressure.
Ozone is generated from bottled oxygen passed
through a silent arc ozonator. Oxygen is subjected to
a 60 Hertz alternating electric field between
electrodes connected to a high voltage transformer, and
this electric field allows the transfer of energy
needed to form a stable O3 molecule. This ozone is fed
into the air supply duct, the dispersion box where it
is mixedi, and then enters the chamber. The chamber
ozone concentration is monitored with a Dasibi Model
1003 AH ultraviolet ozone monitor. The Dasibi monitor
is calibrated against an EPA certified ozone monitor.
Measurement of ozone removal
For instantaneous readings of ozone concentration,
a Monitor Labs Model 8410 ozone analyzer was modified
to increase its frequency response and make
breath-by-breath analyses of changing ozone
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concentration possible.* This analyzer was placed in
the chamber with the subject, and calibrated against
the Dasibi ultraviolet ozone monitor. Connection was
made to the analyzer with a two way electric solenoid
valve which was activated -from the control center
outside the chamber. One port o-f the valve sampled
ambient chamber air to give a continuous readout of
chamber ozone concentration, and the other port was
connected to the nasopharyngeal sampling tube to
measure changing ozone concentrations in the pharynx
(see Fig. 2).
Each subject was exposed to 0.1, 0.2, and 0.4 ppm
ozone while seated, at rest, with both feet on the
floor. At each concentration of ozone, three modes of
breathing were tested. The three modes were nasal
breathing with the mouth closed, oro-nasal breathing
with the mouth open, and mouth breathing with a nose
clip in place. Breathing frequencies of 12 breaths per
minute <BPM) to represent normal resting respiration,
and 24 BPM to simulate hyperventilation sufficient to
double resting Ve, were targeted at each breathing
mode. Total exposure time to each concentration of
ozone was approximately 15 minutes.  The order of ozone
e.» The tiie required for the analyzer to reach 951   of actual concentration is 0.95 samBHeallDHing a uxini* breathing frequency of 30 BPM. »econa5,
ASOPHARYNGEAL
PLING     TUBE
3        e
TWO-WAY
SOLENOID
VALVE
M. L. 8410
OZONE     ANALYZER
CHAMBER    AIR
FIG.  2
SOLENOID    SAMPLING    VALVE
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concentration was randomized. At each concentration,
the order o-f breathing mode was randomized, and -for
each breathing mode, the order o-f breathing frequency
was randomized for each subject so that no two subjects
had the same order of breathing frequency, mode, and
concentration. This is called a split-split plot study
design.
Protocol
On the day of the exposure, each subject's height,
weight, pulse, and blood pressure were obtained, and
they were asked about recent medication use or recent
infectious processes or injuries. If qualified, the
subjects were fitted with a Biotransmitter TT-23 EKO
telemetry system, with electrodes placed in the left
midclavicular line, second intercostal space, and the
right anterior axillary line, fifth or sixth
intercostal     space. A    Respitrace     (TM)        inductance
plethysmograph  was    used  to    measure tidal     volume    and
respiratory rate''.   The thoracic  belt  of   the Respitrace
i.) The Respitrace plethysiograph consists of tm stretchable fabric belts into Hhich are
sewn an insulated iipedance Mire. The belts are placed around the subject's chest and
abdoaen. As the subject breathes and expands his abdoien and rib cage, the nire stretches,
and the iapedance in the Hire changes. This signal is then fed through an oscillator into a
calibrator/deiodulator, and then to a strip chart recorder. The atount of change in
ͣillivolts Hith each respiratory cycle can then be converted to a voluKtric equivalent, the
sue of the abdoiinal and rib cage output correlating Hith the voluie of air loved Hith each
cycle.
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was placed around the subject's chest Just below the
axillae, and the abdominal belt was placed Just above
the level of the iliac crests.°*-
Each subject was then seated in the eNposure
chamber, trained in the use of a calibrated spirometer,
and in performance of each breathing mode and
frequency. A Franz electric metronome was used to time
respirations and assure a 12 BPM and 24 BPM rate. An
Ohio 840 Closed Seal spirometer was was calibrated with
a 1 liter calibration syringe before each subject
exposure. The subject breathed into the spirometer for
six breaths at 12 BPM, and 6 breaths at 24 BPM to
calibrate the Respitrace's millivolt output against a
volumetric standard. This calibration procedure for
the Respitrace was repeated with each different
concentration of ozone to correct for any change of
belt position which might have occurred.
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A Gould Brush 260 six channel strip chart recorder
was used at the control center to record the -following
(see Fig. 3)i
Channel 1- EKQ telemetry data
Channel 2- the sum o-f Respi trace abdominal and
rib cage belt millivolt output
Channel 3- millivolt output o-f Respi trace
abdominal belt
Channel 4- millivolt output o-f Respitrace rib
cage belt
Channel 5- spirometer data
Channel 6- continuous ozone concentration
readings from the Monitor Labs ozone
analyzer
The output -From the Respitrace sum channel could then
be converted to a volumetric equivalent by comparison
to the spirometer channel during the calibration
maneuvers (see Fig. 4). The chart recording paper -for
each subject was labeled with the subject number« the
date, and the time of day.
In order to assure relatively consistent tidal
volumes, the electrical signal from the sum of the
Respitrace vests was displayed as a moving horizontal
line on a Tektronix 5113 dual beam oscilloscope between
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RESPITRACE CALIBRATION: Channel 2 represents the sum of
the  abdominal  and rib cage  respitrace outputs,  and  channel
5  the   spironetric  volume  displacement.  The  spirometer  is
calibrated using a 1 liter calibration syringe. The height of
the Respitrace displacement  representing  expiration (b) is
ccmverted  to inspiratory  volume  (c).
CALCULATION  OF  RESPIRATORY  VOLUMES  AND FLOWSs     d-e-f
represents  one respiratory  cycle.  The horizontal  distance
d-e  equates to inspiratory  time,  and e-f to  expiratory
time. The vertical distance  from  the beginning of  a  cycle
at d,  to its peak  at e,  is converted to inspiratory volume.
The vertical  distance  from the peak  at e,  to the bottom at
f,  is  converted to expiratory  volume.     Flouts  can then be
calculated from these volumes and their corresponding
times.
FIG. 4
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two fixed horizontal lines. The oscilloscope was
placed in the chamber at eye level in front of the
subject. During quiet respiration, the two fined lines
were adjusted to correspond to functional residual
capacity on the lower line, and tidal inspiration on
the upper. The subject was instructed to target the
moving line (representing his tidal breathing) to reach
the upper line on inspiration, and the lower line on
expiration during both a 12 BPM and a 24 BPM breathing
frequency. This allowed an approximate doubling of Oe
when switching from the slow to the fast breathing
frequency.
When the chamber reached the targeted ozone
concentration, a Pharmaseal K 30 FT, 8 French, 42 inch
polyethylene pediatric feeding tube was connected to
the Monitor Labs ozone analyzer. A sample of chamber
ambient air was drawn through the tube in order to
document the amount of ozone lost by tube absorption
(pre-sampling tube loss). The tube was then lubricated
with water, inserted through one of the subject's
nostrils, and positioned in the posterior oropharynx
approximately 1/2 cm. below the level of the soft
palate. Positioning was accomplished by use of visual
inspection with a head mirror and tongue depressor.
The tube was then taped securely in place, and a brief
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sample was drawn through the tube to assure patency.
The subject was instructed to re-frain from swallowing
during each sampling interval (6-10 breaths per
interval) to prevent saliva from entering the sampling
tube.
Then, according to the randomized protocol, the
subject was told which breathing mode and frequency to
perform, and the Monitor Labs ozone analyzer was
switched from measuring ambient chamber air to
measuring oropharyngeal air by activating the two-way
solenoid valve. Six to ten breaths were recorded on
the strip chart recorder for each mode and frequency.
The subject was allowed to relax and swallow after each
6-10 breath group. Each mode and frequency at that
concentration were similarly performed, for a total of
6 parameters at each concentration. The tube was
removed, and another sample of ambient chamber air
drawn through the tube to again document tube ozone
absorption (post-removal tube loss). After removal of
the tube, a nasal examination was performed and
recorded to document the state of the nasal mucosa (see
Appendix 2).
The chamber was changed to the next target ozone
concentration, and the above procedure repeated for
each  of  the two  other  concentrations.    At  the
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complation oi all thraa ozona axposuras, tha monitoring
aquipmant was ramovad -from tha patiant and ha was askad
to fill out a post-axpoBura symptom quastionnaira
(Appandix 3). Tha quastionnaira was dasignad to alicit
symptoms common to ozone exposure <cough, chest
tightness, pain on inspiration, shortness of breath,
nasal irritation), resulting from the presence of the
nasopharyngeal sampling tube (sore throat, nasal
congestion), or caused by hyperventilation <dizziness).
Questions regarding headache, dizziness before rapid
breathing, and eye irritation were included as sham
questions. Subjects were asked to classify their
symptoms as none, slight, moderate, or severe.
At the completion of the protocol, each subject had
a post exposure evaluation consisting of a brief
symptom history, and pulse and blood pressure
determinations.
Analysis
Data from the strip chart recorder was analyzed on
a VAX li/780 , with a program written expressly for
this purpose by Timothy R, Oerrity, PhD using FORTRAN
77.
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Inspiratory and expiratory times -for each subject
were determined -from the Respi trace sum channel
(channel 2), and these times were used to calculate
mean inspiratory and expiratory times, and breathing
ͣfrequency. These ventilatory times and the ventilatory
volumes obtained from the Respitrace plot (see Fig. 4)
were then used to calculate minute ventilation, average
inspiratory flow (Fio> and average expiratory flow.
The data from 6 breaths at each combination of
concentration, mode and frequency were then used to
calculate mean inspiratory and expiratory volumes and
flows.
Strip chart data documenting ozone concentration
for each subject (channel 6) was corrected for
fractional tube loss using pre-insertion tube loss data
(see Fig. 5). Percent of ozone removal by the
extrathoracic airways was determined from the amount of
ozone (in parts pmr million) measured on inspiration
compared to ambient ozone concentration. Percent of
intrathoracic removal of ozone was determined from the
amount of ozone measured from the nasopharyngeal tube
on expiration compared to the amount of ozone measured
by the nasopharyngeal tube on inspiration (see Fig. 6).
In this manner, the percent of ozone removed by the
intrathoracic airways was calculated from the amount
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FIG.  5     PREINSERTION  TUBE  LOSS CALCULATION
The  ambient  ozone level is determined by  finding the
midpoint  of  the  concentratifjn  plot  from  channel  £>.     In  this
example it  is  38 divisions.     Chamber  air  is drawn through
the  sampling tube before inserting it into the  subjects
nose,   and  the level  of  ozone  determined  in  the  same manner.
In this example  it is 34 divisions.     The preinsertion loss
is  calculated  to be  4/38,  or  10.5X.
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Fig.  6     CALCULATION OF EXTRATHORACIC AND  INTRATHCfftACIC
OZONE  REMOVAL
The  ambient  ozone  level  is  determined  by  finding  the
midpoint  o-f  the  ozone  concentration plot  -from  channel  6.
In this  example  it is  21.5 divisions.     The  ozone  analyzer  is
switched  to sample  -from the nasopharyngeal sampling tube
for  6—lO  breaths.     The  peak  of  each  curve  represents  the
concentration  of  ozone in  the  inspired  air  after  it  has
passed  the  extrathoracic  airways,  at  the  level of  the tube
in the posterior  pharynx.     The valley  of each curve
represents the concentration of  ozone  in the expired  air
from  the  intrathoracic  airways  as  it passes  back  over the
sampling tube.     For  breath one,  the  peak value is  2.5
divisions.     From  these values,  extrathoracic removal iscalculated to be  7/21.5  or  32.6%.     Intrathoracic  removal is
based  on  the  concentration entering the  trachea (14.5
divisions),  and  is 12/14.5  or  82.8%.
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actually praaantad  to tha  trachaa.   Data  from six
braaths at aach combination of concantration, moda, and
fraquancy was usad to datarmina maan axtrathoracic and
intrathoracic airway ozona ramoval.
Statistical analysis was parformad using a four-way
analysis of varianca with subjact, ozona concantration,
moda of braathing, and braathing fraquancy as fixad
affects. Means were compared using the Nawman-Kuals
multiple comparison procedure^''. This procedure was
developed to tell where, among a group of three or more
means, significant differences exist. Critical p value
was considered to be 0.05.
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RESULTS
Subjects
None o-f the potential subjects was rejected because
of abnormalities detected in the oro-nasal history and
examination. One subject was noted to have an absent
uvula, but this was not felt to be disqualifying for
participation in our study. All subjects had either
absent, atrophic or very small tonsils. Two subjects
<011 and 030) had minimally deviated nasal septae. One
subject (002) who had a normal initial nasal
examination was noted to have a 1 mm area of erythema
and denuded epithelium on his right middle turbinate.
He related having done dusty yard work 2 days prior to
the date of the study, but had no congestive symptoms.
He was not excluded from the study because of the small
size and asymptomatic nature of his lesion.
One subject (010) reported for the study with an
active conjunctival infection and was not studied.
Inability to pass the nasopharyngeal tube resulted in
dismissal of two subjects <004 and 009). One subject
(026) complained of irritation from the tube and
repeatedly pulled the tube out after insertion,
precluding performance of the study. A very sensitive
gag  reflex    prevented   visualization    of    the
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nasopharyngeal tube for placement in one subject (021),
and he was dismissed. Table 1 is a summary o-f the
physical characteristics of the subjects.
Ventilatory parameters
Measured breathing frequencies at the 12 BPM target
ranged from 11.86 to 13.20, and at the 24 BPli target
from 22.72 to 24.47 (see Tables 2A and 2B>. Tidal
volume ranged from 0.54 liters to 1.29 liters at the
slower frequency, and 0.49 to 1.18 liters at the more
rapid frequency. Inspiratory flow at the 12 BPM target
ranged from .23 to 0.53 liters/ sec, and at 24 BPM
from 0.40 to 1.01 liters/sec. At 12 BPM, minute
ventilation varied from a low of 6.70 liters/min. to a
high of 15.6 liters/min., while at 24 BPM it was as low
as 11.16 and as high as 29.96 liters/min.
Analysis of mean ventilatory parameters (Table 2C)
revealed an overall mean breathing frequency of 12.24
at the 12 BPM target frequency, and 23.78 at the 24 BPM
target frequency. Mean inspiratory flow at 24 BPM was
almost twice that at 12 BPM (0.64 liters/sec. vs 0.35
liters/sec.) as was mean minute ventilation (16.50
liters/min. vs 10.17 liters/min.). Mean tidal volume
showed little change with changing breathing frequency
(0.83 liters at 24 BPM vs 0.78 liters at 12 BPM).
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^ .^ .cS*
i /
001 188.0 78.2 29/7
002 172.0 66.8 21/8
003 175.5 71.0 20 / 11
006 182.5 64.8 35/2
Oil 182.5 90.1 24/9
016 175.5 74.0 30/5
017 179.0 74.5 34 / 11
018 183.0 70.0 35 / 11
019 173.0 70.0 31/9
023 168.7 78.3 21 / 11
024 190.0 73.0 35/6
027 158.2 73.5 22/4
029 172.3 69.9 31 / 1
030 169.0 66.6 35/6
031 173.6 72.9 23/5
032 176.7 77.6 27 / 2  ;
033 191.0 103.0 27/8
034 173.8 67.4 25/4
MEAN 176.9 74.5 28/8
S.D. 8.3 9.2 5/5
TABLE 1
PHYSICAL CHARACTERISTICS OF SUBJECTS
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001
002
003
006
Oil
016
017
018
019
023
024
027
029
030
031
032
033
034
<y/ Co
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#
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9 il.96(.04) 0.75 (.04) 0.32(.02) 8.91 (.53)
8 11.98(.05) 0.67(.03) 0.26(.01) 7.99 (. 35)
9 12.08 (.05) 0.55(.01) 0.23(.01) 6.70 (.56)
9 12.21 (.20) 1.12(.13) 0.48 (.05) 13.66(1.49)
9 12.39 (.20) 0.75 (.06) 0.31(.02) 9.34(.71)
9 12.10 (.08) 0.60 (.06) 0.26(.02) 7.27 (.66)
9 12.33 (.20) 0.67(.01) 0.32(.01) 8.29 (.16)
9 12.16(.07) 0.54(.01) 0.25(.01) 6.53 (.17)
9 11.86(.05) 0.73 (.06) 0.31 (.02) 8.66 (.68)
9 13.20 (.46) 0.70 (.05) 0.30 (.03) 8.77 (.79)
9 11.97 (.03) 0.87 (.02) 0.37(.01) 10.44(.21)
9 12.66 (.55) 0.88 (.04) 0.38(.02) 11.07(.36)
9 12.36 (.09) 0.71 (.03) 0.30 (.02) 8.73(.46)
9 12.12(.07) 0.a8(.01) 0.33(.01) 10.59(.17)
9 12.08 (.03) 1.29 (.09) 0.53(.04) 15.6(1.03)
9 12.46(.18) 0.80 (.03) 0.33(.01) 9.90 (.36)
9 12.04(.04) 1.28 (.09) 0.50 (.03) 15.37(1.06)
9 12.41 (.23) 1.21(.05) 0.53(.03) 15.00 (.75)
NUMBERS  IN PARENTHESES ARE STANDARD ERROR   (S.E.)
TABLE 2A
MEAN VENTILATORY PARAMETERS
12 BREATHS PER MINUTE
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001
002
003
006
Oil
016
017
018
019
023
024
027
029
030
031
032
033
034
<zr
.-^
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#
#
9 23.51 (.23) 0.72 (.04) 0.64 (.04) 16.84 (.98)
9 23.96 (.06) 0.62 (.03) 0.49(.02) 14.88 (.63)
9 23.90 (.09) 0.47(.01) 0.40(.01) 11.16 (.16)
9 23.89 (.08) 1.02(.12) 0.89(.10) 25.48(2.91)
9 22.72 (.52) 0.82 (.09) 0.63(.05) 18.38(1.59)
9 23.63 (.16) 0.49(.05) 0.40 (.04) 11.64(1.10)
9 23.84 (.12) 0.61 (.02) 0.49(.01) 14.59 (.40)
9 23.39 (.12) 0.51 (.02) 0.41 (.02) 12.06 (.46)
9 23.88 (.12) 0.68(.05) 0.57 (.04) 16.11(1.33)
9 24.47 (.21) 0.70 (.04) 0.56 (.03) 17.10(1.07)
9 23.87 (.10) 0.85(.03) 0.73 (.02) 20.23 (.67)
9 23.79 (.20) 0.89(.03) 0.73 (.02) 21.14(.48)
9 23.92 (.17) 0.50(.03) 0.41 (.02) 11.86 (.75)
9 23.83 (.10) 0.85(.03) 0.62(.03) 20.31 (.70)
9 24.19 (.17) 1.15(.10) 0.94(.08) 27.91(2.42)
9 23.58 (.58) 0.80 (.06) 0.66 (.04) 18.64(1.19)
9 24.18 (.08) 1.12(.ll) 0.88(.09) 26.81(2.59)
9 23.61 (.35) 1.18(.09) l.OK.OS) 27.96(2.27)
NUMBERS IN PARENTHESES ARE STANDARD ERROR (S.E.)
TABLE 2B
MEAN VENTILATORY PARAMETERS
24 BREATHS PER MINUTE
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#
0.1 PPM
0.2 PPM
0.4 PPM
108
107
108
17.92 (.09)
18.09 (.09)
18.08 (.09)
0.80 (.04)
0.85 (.04)
0.77 (.04)
0.48 (.02)
0.52 (.02)
0.48 (.02)
14.16 (.62)
15.15 (.63)
13.75 (.62)
^
J^'
Co   C
-5"   Jo'
S>
ORONASAL
NASAL
MOUTH
107
108
108
18.05 (.06)
18.01 (.06)
18.04 (.06)
0.83(.01)
0.75(.01)
0.83(.01)
0.51(.01)
0.46(.01)
O.SK.Ol)
14.88 (.25)
13.26 (.25)
14.92 (.25)
I
,1
<^§^
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^
#
c::3 o
tt_   OJ
•5-
12 BPM
24 BPM
161112.24 (.05)
162123.78 (.05) 0.83(.01) I0.35(.01)0.78(.01) l0.64(.01) 10.17 (.23)18.50 (.23)
FIGURES IN PARENTHESES ARE STANDARD ERROR (S.E.)
TABLE 2C
ANALYSIS  OF VENTILATORY PARAMETERS
ACROSS  OZONE LEVEL.    BREATHING MODE.
AND BREATHING FREQUENCY
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Extrathoracic and intrathoracic ozone removal
The targeted ozone concentrations upon which
removal was based were 0.1 ppm, 0.2 ppm and 0.4 ppm.
Analysis of the data revealed actual mean ozone
concentrations of 0.100 +/- 0.001 ppm (S.E.), 0.203 +/-
0.001 ppm <S.E.) and 0.410 +/- O.OOl ppm C8.E.>.
Statistical analysis was performed on the results
of the mean percent ozone removal by the extrathoracic
and intrathoracic airways to determine if there were
significant differences in removal based on target
respiratory frequency, ambient ozone concentration, or
mode of breathing. Tables 3 and 4 summarize the
results of the statistical analyses for extrathoracic
removal and intrathoracic removal, respectively.
Tables 3A, 3B, and 3C give the means and standard
errors for the percent ozone removal by the
extrathoracic airway at each ozone concentration, for
each mode of breathing, and for each target breathing
frequency. Four-way analysis of variance was performed
with subject, ozone concentration, mode of breathing
and target breathing frequency as main effects. Table
3D summarizes this analysis of variance. Target
breathing frequency and mode of breathing are both
statistically significant effects <p < 0.001).
V<0-
0 1 PPM 108 45.8 1 75
0 2 PPM 107 43.3 1 75
0 4 PPM 108 43.1 1 75
6
/ ^'
ORO-NASAL 107 47 5 1. 14
NASAL 108 39 8 1 13
MOUTH 108 44 9 1 13
#^
SUBJECTS
OZONE LEVEL (OL)
ERROR A
MODE OF BREATHING (MOB)
OL X MOB
B ERROR B
BREATHING FREQ   (BF)
OL X BF
MOB X BF
OL X MOB X BF
ERROR C
TOTAL
<5^ / kj'Co
12 BPM
24 BPM
161
162
45.4
42.7
0.49
0.49
^^
17
2
34
2
4
102
1
2
2
4
152
322
/
#
/
893.9 2.71
236.9 0.72
328.9
1648.2 11.85
53.5 0.38
139.1
572,9 14.73
45.3 1.16
18.5 0.48
11,9 0.31
38.9
<.006
0.494
<.001
0.822
<.001
0.316
0.620
0.871
D
TABLE 3
STATISTICAL  ANALYSIS-PERCENT  EXTRATHORACIC
REMOVAL OF OZONE
8
;V^
/ <o-
0 1 PPM 108 89 4 0 80
0 2 PPM 107 91 0 0 80
0 4 PPM 108 92 5 0 80
s>-^
.^
<3-
<^
/•^ #:^  <c/'Co'
ORO-NASAL 107 91 0 0 41
NASAL 108 90 8 0 40
MOUTH 108 91 2 0 40
B
/^
#
SUBJECTS
OZONE LEVEL (OL)
ERROR A
MODE OF BREATHING (MOB)
OL X MOB
ERROR B
BREATHING FREQ. (BF)
OL X  BF
MOB X BF
OL X MOB X BF
ERROR C
TOTAL
/ io'Co
12 BPM 161 92 6 0 17
24 BPM 162 89 3 0 17
^<^^ #^    <<    <^
17 1266.3 18.51 <.001
2 261.5 3.82 0.032
34 68.4
2 4.3 0.24 0.787
4 13.5 0.76 0.554
102 17.7
1 838.3 182.2 <.001
2 3.4 0.74 0.479
2 6.5 1.41 0.247
4 4.1 0.89 0.472
152 4.6
322
D
TABLE 4
STATISTICAL ANALYSIS-PERCENT   INTRATHORACICREMOVAL  OF OZONE
(11
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Significantly more ozone was removed by the
extrathoracic airwaye at a target breathing frequency
of 12 BPM than at 24 BPH. Mode of breathing was also
found to have a significant effect <p < 0.001) on
extrathoracic ozone removal. Using the Newman-Kuels
multiple comparison procedure, it was determined that
the means for removal of ozone by oro-nasal and mouth
breathing were not statistically different. Both,
however, were significantly higher than the mean
removal by nasal breathing (p < 0.01).
ͣ '
There was more ozone removed by the extrathoracic
airways at an ozone level of 0.1 ppm than at 0.2 ppm
and 0.4 ppm, but the difference was not statistically
significant <p » 0.494).
Interactions among the three factors of ozone
concentration, mode of breathing and target breathing
frequency were not statistically significant.
Therefore, for extrathoracic removal of ozone, target
breathing frequency, mode of breathing and ozone level
were all independent effects, and the results for the
main effects mrm  valid.
Tables 4A, 4B and 4C give the means and standard
errors for the percent ozone removal by the
intrathoracic  airways  for  each  concentration,  each
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braathing mod* and aach targat braathing fraquancy.
Four-way analysis o-f varianca wa> par-formad as with tha
aHtrathoracic ramoval, and Tabla 4D aummarizas tha
analysis o-f variance -for tha maans o-f intrathoracic
ramoval of ozona. Ozona lavel and targat breathing
frequency were both statistically significant effects
(p o 0.032 and p < 0.001 respectively).
There was significantly more pulmonary ozone
ramoval at 12 BPM than at 24 BPM (p< 0.001). There was
more ozone removal at 0.4 ppm than at 0.2 ppm or 0.1
ppm, and more removal at 0.2 ppm than at 0.1 ppm. But
by the Newman-Kuels multiple comparison procedure,
there was significance only between 0.4 ppm and 0.1
ppm.
There were no significant differences in
intrathoracic ozone removal noted when comparing modes
of breathing.
Evaluation of interactions among the three
parameters was performed. None of the interactions
were statistically significant. Therefore, for
pulmonary removal of ozone, target breathing frequency,
mode of breathing and ozone level are also all
independent, and the results for the main effects are
valid.
ͣͣ- ͣ?J^^^
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As demonstrated by the summary tables (Tables 3D
and 4D), the subject effect was significant.
Therefore, extra- and intrathoracic ozone removal are
not reproducible between individuals.
Post-exposure nasal examinations
Post-exposure nasal examinations (Tables 5A and SB)
were performed on all but one subject (001). Twelve of
the subjects had nasal examinations after exposure to
each of the three ozone concentrations. One subject
had nasal examinations after the first and last
exposures, one had an examination after the second and
third exposures, one had an examination only after the
second exposure, and two had examinations only after
the last exposure.
Response of the nasal mucosa was more marked in the
nostril through which the nasopharyngeal tube was
placed, but in no case was there more than moderate
erythema or edema in either nostril.* With the
exception of one subject (024), the nasopharyngeal tube
was placed in the same nostril for all three
concentrations.  This allowed the other nostril to
i.)  Erytheia of the nasal aucosa Mas classed as none, lild, iodBrate, and aarked. Edeaa Has
classed as none, lild, loderate, larked, and total occlusion.
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serve as a control for the effects of ozone independent
of the effects of the tube.
Nasal examination revealed slight mucosal edema in
four subjects, moderate edema in six, and minimal or no
edema in seven. One subject was not examined after
exposure. One subject (IB) exhibited no change in the
nasal mucosa on either side at the completion of all
three exposure concentrations . Four subjects
exhibited no change in the nasal mucosa on either side
until after the last exposure (in three, the last
exposure was to 0.2 ppm, and in one, the last exposure
was to 0.4 ppm). Four subjects showed no change on
either side until after the second exposure. Three
subjects were examined only after the last exposure.
Five subjects exhibited minimal or no nasal mucosal
erythema or edema on either side at the completion of
three ozone exposures. Slight mucosal edema and
erythema was noted in the nasal passage through which
the nasopharyngeal tube was passed but no reaction was
noted on the other side in two subjects. Slight
mucosal edema and/or erythema was noted bilaterally in
three subjects at the completion of three exposures.
In two subjects, slight erythema and/or moderate edema
was noted in the nasal passage with the tube, while the
other exhibited no change from baseline.  One subject
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had moderate erythema and slight edema bilaterally, one
subject had moderate edema and slight erythema
bilaterally, and one subject had no erythema and
moderate edema on the side with the tube, and slight
edema and erythema on the other.
Post-exposure questionnaire
On the post-exposure questionnaire <see Table 6),
ͣfive subjects (28*/.) answered affirmatively to one of
the three sham questions. One (6*/.) complained of a
mild headache, but did not complain of any of the four
symptoms associated with ozone exposure. The other
four (22"/.) noted only mild eye irritation. All four
answered negatively to the other sham questions. Only
one of those four (6*/.) complained of pulmonary symptoms
on the questionnaire associated with ozone exposure
(shortness of breath, chest tightness, cough and pain
on inspiration).
A total of eight subjects (44X) responded
affirmatively to the questions about pulmonary symptoms
that are felt to be associated with ozone exposure.
One (6y.) noted moderate cough, and four (22'/.) mild
cough as their only ozone-related symptoms. One noted
mild cough and shortness of breath. Mild shortness of
breath  and  chest  tightness were  noted  by  another
NASAL CONGESTION (SIDE WITH TUBE)
NASAL CONGESTION (SIDE WITHOUT TUBE)
NASAL IRRITATION (SIDE WITH TUBE)
NASAL IRRITATION (SIDE WITHOUT TUBE)
EYE IRRITATION
SORE THROAT
DIZZINESS (BEFORE RAPID BREATHING)
DIZZINESS (AFTER RAPID BREATHING)
HEADACHE
SHORTNESS OF BREATH
CHEST TIGHTNESS
COUGH
PAIN ON INSPIRATION
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2 1 2 1 2 1
1 1 1 1 1
1 3 1 2 1 1
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2 1 2 1 2 1
1 2 1 1 1
2 1 1 2 3 2 2 2 1
1 1 1 1 1 1 1 1 1
1=N0NE    2=SLIGHT    3=M0DERATE    4=SEVERE
TABLE 6
POST-EXPOSURE  QUESTIONNAIRE  SUMMARY 0>
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subjectf and one experienced mild shortness o-f breath
only when breathing into the spirometer -for calibration
of the Respi trace. His shortness o-f breath was
probably related to rebreathing o-f carbon dioxide from
the spirometer, and not a result of ozone exposure.
Twelve subjects <67y.) noted slight nasal congestion
on the side through which the sampling tube was passed,
and five of them (28*/.) also noted congestion on the
opposite side (see Table 2). On examination, four of
these subjects had no evidence of mucosal edema on
either side, and one subject who complained of
congestion bilaterally had edema on the side through
which the tube passed, but none on the other side. The
nasal examination on the remaining seven revealed edema
consistent with the complaint of congestion. Two
subjects who did not perceive nasal congestion were
found to have slight edema on the side through which
the sampling tube was passed. One subject who also
perceived no congestion was found to have moderate
edema on the side through which the sampling tube was
placed.
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In the present study, the extrathoraclc airways
remove signi-fleantly more ozone when subjects breathe
at 12 BPM than at 24 BPM. This -finding is consistent
with that o-f Yokoyama and Frank''^ in their studies on
dogs. The reason -for this Inverse relationship between
breathing rate and ozone removal may be that at slower
breathing rates, flow rate is lower, allowing a longer
residence time -for ozone in contact with the mucosa o-f
the naso- and oropharynx. This longer residence time
would lead to greater removal of ozone.
Assuming a doubling of inspiratory flow rate with a
change from 12 BPM to 24 BPM (from Table 2C it can be
seen to actually be an increase from 0.35 to 0.64
liters/sec), the magnitude of the difference in ozone
removal between slow and fast respiration, although
statistically significant, is not great (45.4*/. versus
42.77.). Aharonson et al= addressed this discrepancy by
developing a mathematical model for a nasal uptake
coefficient for soluble vapors using their own data as
well as that of Yokohama and Frank, and others.
They determined that the nasal uptake coefficient
is a continuously varying quantity, depending on
position within the nose, and the concentration of  the
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vapor. The uptake coefficient for soluble vapors
increases with increasing partial pressure
(concentration) of the vapor. As the flow rate through
the nose increases, less vapor is absorbed at any given
level, allowing a higher concentration of the vapor to
pass distally. This higher concentration will then
lead to a higher uptake coefficient in the more distal
nasal airway when compared to the uptake coefficient
for the same location at a lower flow rate. This
increased uptake coefficient with increasing flow rates
partially negates the decreased uptake resulting from
the decreased residence time a higher flow rates.
Analysis of mode of breathing shows that
significantly more ozone is removed during oral and
oronasal breathing as compared to nasal breathing.
This finding contradicts the data of Yokoyama and
Frank''=' who found that nasal ozone uptake exceeded oral
uptake. In their study, anesthetized, paralyzed,
mechanically ventilated dogs were used. 61ass tubes
were glued into their nostrils, a glass cannula was
inserted into each dog's mouth, the tongue sewn to the
inferior margin of the jaw, and the lips glued shut.
The non-physiologic nature of this study make
comparisons to the present study difficult at best. In
addition, the  nasal airway  of the  dog has  a  larger
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equivalent surface area than that of humans, and has  a
different anatomical structure.
Due to the relatively smaller diameter of the nasal
passages compared with the oral cavity, a given volume
of inspired air achieves a higher velocity when passing
through the nose. Higher flow velocity results in a
decreased residence time for ozone in the nose, and, as
discussed above, may impair the removal efficiency of
the nose.
The relatively high oral removal may also be
related to the presence of sulfur-containing compounds
in the mouth which are highly reactive with ozone.
Several investigators***•'*•=*•*•'* have measured the oral
production of volatile sulfur compounds
<methylmercaptan, hydrogen sulfide, etc.) from salivary
sediment. These volatile sulfur compounds arm
continuously present in the mouth, but would not be
found in the nose.
It has also been shown that hydrogen sulfide and
methylmercaptan increase the permeability of oral
mucosa up to 757. or 103%, respectively^^. Increased
permeability of oral mucosa could also account for
higher oral and oronasal removal of ozone.
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The percent of ozone removed by the nose and the
mouth decreased with increasing concentration of ozone,
though not significantly. The percent of ozone removed
by the intrathoracic airways, however, increased with
increasing ozone concentration, and was significantly
greater at 0.4 ppm than at 0.1 ppm. The explanation
for this may lie in the work of Aharonson et al^''
defining the uptake coefficient for soluble vapors
discussed above. As ozone concentration increases,
there is a higher partial pressure gradient acting to
"drive" the radial diffusion of ozone toward the airway
wall.
The difference in concentration dependence between
the extrathoracic and intrathoracic airways may be
related to the different anatomical configurations of
these regions. Relative to an airway within the lung,
the nasal airway is a large diameter, small surface
area compartment. This implies a relatively larger
radial distance across which ozone must pass to be
removed by a relatively small surface area. As the
ozone-containing air passes into the intrathoracic
airways, the diameter of individual airways decreases
dramatically, and the surface area increases markedly.
The increased surface area, combined with the smaller
radii  of  bronchioles and  ducts,  would  make  the
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concentration effect much more eignificant in the  lung
than in the nose.
It might also be postulated that as the
concentration of ozone increases, its irritant effect
also increases. This would stimulate excess secretion
of mucus in the pulmonary airways, which could, in
turn, remove more ozone from inspired air. However,
the order of exposure concentration in this experiment
was randomized, and the effect of any physiologic
response at 0.4 ppm would be expected to be eliminated
as a variable.
As with the extrathoracic airways, intrathoracic
ozone removal was significantly affected by breathing
rate, and in the same manner. As the rate increased,
removal decreased. This can be accounted for by a
decreased residence time as discussed above.
Mode of breathing had no effect on removal of
intrathoracic ozone. The initial concentration upon
which pulmonary removal is based is the concentration
of ozone at the level of the sampling tube which is
distal to the nose and mouth. Thus, unless altering
mode of breathing would significantly alter glottal
geometry, intrathoracic  removal  of ozone  should  not
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depend on mode of breathing.   Thie is what is seen  in
our results.
In addition to measuring intra- and extrathoracic
ozone removal, several ventilatory parameters were
measured, including actual breathing frequency (fr-),
tidal volume (Vt> , mean inspiratory flow (Fm) , and
minute ventilation (Ve). It is possible that
variability of these quantities could affect intra- and
extrathoracic ozone removal. In order to test for this
possibility, a four way analysis of variance was
performed on these parameters.
For breathing frequency, none of the main effects
were significant. Frequency was reproducible across
subject, target concentration, breathing mode, and
target breathing frequency. For the other three
parameters <Vx, Fm and Oe) however, subject, mode of
breathing and breathing frequency were all significant
effects.. There was also a significant interaction
between mode of breathing and breathing frequency for
each of these three parameters.
To try to account for this, the data were separated
into two sets based on breathing frequencies of 12 and
24 BPM, and subjected to a three way analysis of
variance, with  subject, mode of breathing  and  ozone
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concentration as main effects. At 12 BPH, only subject
had a significant effect on the four ventilatory
parameters. At 24 BPM, both subject and mode of
breathing had significant effects on V-r, Fir. and ^e.
When a Newman-Kuels test was performed, it was found
that at 24 BPli these three ventilation parameters were
significantly less for nose breathing compared to mouth
and oronasal breathing (p< 0.05), but there was no
difference between mouth and oronasal breathing.
The finding of significant differences at 24 BPM
but not at 12 BPM can be explained by physiologic
differences between nose and mouth breathing. Compared
to the mouth, the nose has a relatively high air flow
resistance. At 12 BPM this difference has little
effect, but as breathing frequency increases, the
higher nasal resistance results in an increase in the
work of breathing. To minimize the work of nasal
breathing at 24 BPM, subjects would have a tendency to
undershoot their targeted tidal volumes
At 12 BPM, subject was a significant effect on
measured frequency, but not at 24 BPM. Breathing
frequency was timed with a metronome set at 48 beats
pmr minute. For the 12 BPM breathing frequency,
subjects inhaled for two counts and exhaled for two
counts.   For  the 24 BPM breathing  frequency,  they
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inhaled and exhaled for one count each. Subjects were
able to keep more accurate time with the metronome at
24 BPM than at 12 BPM, and this may account for this
difference in effect between 12 and 24 BPM.
It has, thus far only been speculated that the
inspiratory flow differences are responsible for the
effect of target breathing frequency on extrathoracic
and intrathoracic ozone removal. The variability of Vx
and Fin observed with different target frequencies
provides a means of examining this question more
closely.
Therefore, V-r and Fin were added as covariates to
the four way analysis of variance on intra- and
extrathoracic ozone removal. The addition of Vx as a
covariate had no effect on the outcome of the analysis
for either extrathoracic removal or intrathoracic
removal. However, when Fir^ was added as a covariate,
the significance of target breathing frequency as an
effect disappears for extrathoracic ozone removal. For
intrathoracic ozone removal, target breathing frequency
remains a significant effect, but the F statistic
decreases from 182.2 to 36.8. These observations imply
that Fir, may be a greater controlling factor than Vx at
a given concentration of ozone and breathing mode.
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The use o-f ozone concentration as a -fixed e-f-fect on
extrathoracic removal is probably valid since it is
independent o-f the subject and his ventilatory
parameters. Intrathoracic ozone concentration,
however, depends on extrathoracic ozone removal, and
because o-f the variability o-f extrathoracic removal, it
can be considered a continuous variable. In order to
test -for this e-f-fect, extrathoracic ozone removal was
added as a covariate to the -four way analysis of
variance -for intrathoracic removal. When this was
done, the ambient concentration dependence -for
intrathoracic removal, which was significant in the
original analysis, disappeared. This suggests that the
significant effect of ambient concentration on
intrathoracic ozone removal seen in the initial
analysis of variance is indeed a valid effect.
The apparent variability of extrathoracic ozone
removal efficiency (a low of 15.6*/. and a high of 82.5%)
is an interesting observation. The design of this
study does not allow an accurate assessment of true
population variability, but a coefficient of
variability of at least 25% would seem reasonable.
This would suggest a widely variable pulmonary
"effective dose" of ozone in the general population.
This may account, in part, for the wide variability  in
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pulmonary function response to ozone exposure seen in
previous studies done on humans. Verification of this
hypothesis will require additional studies which
examine both extrathoracic removal of ozone and
pulmonary function response in the same individual.
The post~exposure questionnaire was included in
order to determine if ambient ozone concentrations of
0.1 to 0.4 ppm would cause observable symptoms. In the
questionnaire, a question regarding eye irritation was
included. While a mixture of photochemical oxidants
present in polluted atmospheres does cause eye
irritation, pure ozone exposure has not been shown to
cause any eye symptoms. This question was included as
a sham question. Four subjects (22%) answered
affirmatively to this question (see Table 3), but
responded negatively to the other sham questions
(headache and dizziness before rapid breathing).
It was noted that passage of the nasopharyngeal
sampling tube caused tearing of the eyes in the
majority of the subjects. In retrospect, it may have
been this tearing response that these subjects were
interpreting as eye irritation, and this question was
eliminated as a sham question. Thus, only one subject
(6%) who noted headache can be considered to have
answered affirmatively  to "true"  sham questions,  and
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the responses to the questionnaire can be considered
valid.
Eight subjects (44%) experienced ozone-related
symptoms. In only one subject (6*/.) were these symptoms
perceived as more than mild. The most consistent
ozone-related symptom was cough, noted by six
individuals (33"/.). This finding is consistent with the
majority of previous studies which described cough as
the most common ozone-related pulmonary
symptom=='='»='''=*^'=*^«='®'^'='«="'. One subject (6%)
experienced moderate cough, and the others only slight
cough. It can be concluded that short term exposures
<< 1 hour) to ambient concentrations of ozone of 0.4
ppm or less can be expected to cause minimal pulmonary
symptoms in some individuals.
Nasal congestion in the nostril through which the
tube was passed was the most consistently experienced
symptom, 12 subjects (67%) noting this symptom. It was
perceived as only mild by all twelve subjects
complaining of this symptom. This undoubtedly resulted
from the presence of the tube. Five subjects (28%)
noted congestion in the side without the tube. This
probably represents reactive congestion resulting from
the presence of the sampling tube in the contralateral
nostril.
"^^K?y^
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While nasal congestion could affect ozone removal,
it can be seen from the post-exposure nasal
examinations (Table 5) that the amount of edema and
erythema seen often occurred only after the third
exposure, and was minimal or slight in the majority of
subjects. This is in agreement with the subjects'
complaints of congestion. Those who experienced
congestion (67'/.) all perceived it as only slight. It
is unlikely that this amount of mucosal edema, much of
it occurring late in the exposure cycle, would have a
significant effect on ozone removal.
The nasal edema and erythema observed probably
resulted from the presence of the sampling tube. This
could occur either through direct irritative mechanisms
in the side in which the tube resided, or by reflex
mechanisms in the contralateral nostril (seven subjects
E397.3 had edema and/or erythema in the side without the
sampling tube). However, a direct ozone effect on the
nasal mucosa cannot be ruled out with the present data.
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CONCL.US I ONS
Measurement of extrathoracic and intrathoracic
removal efficiencies of ozone were made in man.
Extrathoracic removal efficiencies on the order of 45"/.,
and intrathoracic removal efficiencies on the order of
90y. were observed with slight dependencies on ozone
concentration, mode of breathing, and target breathing
frequency.
Extrathoracic removal of ozone was found to be
significantly affected by mode of breathing and by
breathing frequency, possibly being controlled
primarily by inspiratory flow.
Extrathoracic removal of ozone was not
significantly affected by ambient concentration of
ozone, while intrathoracic removal of ozone was. This
effect persisted even after considering extrathoracic
removal of ozone as a covariate.
Intrathoracic removal of ozone is significantly
affected by breathing frequency and may, as with
extrathoracic removal, be primarily controlled by
inspiratory flow. Intrathoracic removal was not
significantly affected by mode of breathing.
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This study represents the first time human
respiratory tract ozone removal efficiencies have been
measured. It demonstrates that although ozone is
highly reactive, a significant amount of ozone reaches
the intrathoracic airways where approximately 905i of
the balance is removed. Detailed dosimetry models
required for risk assessment can incorporate the
information contained in this study. This information
may also provide some insight into the variability of
human pulmonary response to ozone, and lead to more
precise dose-response studies.
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SUBJECTS'  INFORMED  CONSENT  FORM
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The Nasopharyngeal and Pulmonary Absorption of Ozone
During Nornal- and Hyper- Ventilation in Man
The purpose of this research project is to aeasure the relative amounts
of ozone which are absorbed in my nose, mouth, and lungs when I breathe at
rest and when I hyperventilate (breathe rapidly). About twenty volunteers
between 18 and 35 years of age will participate in this project.
I have had the purpose, procedures, and possible risks of this study
explained to me before agreeing to participate. I have been given an
opportunity to ask any questions about the procedures or about any other
aspects of the study. I understand that the study itself will have no direct
benefit to me and that I may withdraw at any time without prejudice.
I have been assured that all data will be collected according to an
identification code number and that I will not be identified by name in
the treatment or release of the resultant data.
A.  I understand that the following is a brief  description  of  the
research and of my participation in it:
1. I will have a medical history, personality profile, physical
examination, and blood screening test administered to me prior to
my selection as a subject.
2. I will be asked to come to the study facility for one half day
session of approximately four hours.
3. I understand that I will be fitted with adhesive electrodes, and my
electrocardiogram will be monitored continuously during the study.
4. I will wear a special vest which %rlll measure my breathing rate and
depth. I will be asked to breathe briefly on a mouthpiece on
several occasions to "calibrate** the vest.
5. A small tube which will be used to measure ozone concentrations
during the study will be Inserted through my nose to sample the air
from at the back of my throat. The tube %rlll be secured to my face
%d.th a piece of tape to keep it fr<Hii moving. I understand that this
tube- may cause scMne discomfort and that there are several
sensations which I may experience because of this tube. Part of
the reason for this is that the throat is highly Innervated (has
lots of nerves). I understand that one response to stimulation of
these nerves may be a bradycardia (slowing of the heart rate). If
the sensation cannot be tolerated the experiment %rill be stopped, I
will be excused without prejudice, and I will be paid for my.
participation to that point.
6. The study will be conducted in an environmental chamber, which will
be maintained at 72o F and between 30 and 55Z relative humidity. I
will be in this chamber for three periods of approximately 20
minutes each. During these periods the chamber will contain either
0.1, 0.2, or 0.4 ppm ozone (ppm > number of ozone molecules per
million air molecules). I understand that I may experience Boae
response to the ozone but that this response is transient in nature
and will have no permanent effect on my health.
INFORMED CONSENT
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7. During each of these periods I will be asked to breathe normally atrest and will be asked to hyperventilate (breath rapidly) for briefperiods. I will be asked to repeat this procedure while breathingonly through my nose (with my mouth closed) and while wearing anose clip so that I breathe only through my mouth. The purpose ofthis study is to measure the amount of ozone which is absorbed inmy nose and mouth during natural breathing and while breathingthrough my nose or mouth only.
8. I may be asked to sit on and pedal an exercise bicycle to increasemy breathing if I have difficulty breathing rapidly.
B. I understand the following risks my be encountered in the course ofthis study:
1. Insertion of the tube through the nose may cause me to sneeze;in rare instances, may cause a nose bleed; may cause a gaggingsensation.
2. The work on the bicycle ergometer may cause some muscle soreness,cramps or fatigue.
C. I also understand that:
1. I may terminate my participation in the study at any time for anyreason I wish.
2. The investigator may terminate my participation in the study at anytime.
3. I will be paid $7.00 per hour for my participation in this study.In addition, I will receive $20.00 in consideration of thepotential discomfort in placing the sampling tube. I shall also bereimbursed for reasonable costs associated with this study, such astransportation and parking. I shall receive a check for theappropriate amount upon completion or termination (by either party)of the experiment.
4. The principal investigator responsible for the health and safety ofthe participants in this study is Dr. John J, O'Neil, (919) 541-2602.
I have been informed that a licensed physician will be on call in thefacility at all times.
I understand that in the event of physical injury resulting fromthe research procedures, financial compensation cannot be provided under theFederal Employee Compensation Act or by the University of North Carolina atChapel Hill.. In the event that a physical Injury is proximately causedby the negligence of a federal employee, the federal government would beliable in accord with the Federal Tort Claims Act (28 U.S.C. 2671-1680).In addition. In the event of physical injury resulting from the researchevery effort will be made to make available to me the facilities andprofessional skills of the medical facilities of the University of NorthCarolina in Chapel Hill.
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I understand that this project has been approved by the UNC Committee onthe Protection of the Rights of Human Subjects and that I may contact thechairman. John C. Herlon. M. D., (919) 966-1344, or any of Its neabers, if Ifeel any infringements of my rights.
Signature of Volunteer:_
Witness: Date:
94
APPENDIX
FLOW  SHEET  FOR  POST-OZONI
EXPOSURE  EXAMINATIONS
OZAD SUBJECT FLOW SHEET
Subjvct ID #
Data o-f study Tim* of study
Basalina axam data
95
N-P tuba insartion Tima
Nostril
Exam aftar 0.Ippm axposura     Tima
Exam aftar 0.2ppm axposura     Timi
Exam aftar 0.4ppm axposura     Timi
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POST-OZONE  EXPOSURE  SYMPTOM
QUESTIONNAIRE
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OZAD POST-EXPOSURE SYMPTOM QUESTIONAIRE
Subjact ID # _______
During tha couraa o-f this study, .did you axparianca «ny
of tha following symptoms?
(1 ͣͣ nona  2 < ͣ slight  3 ͣ modarata  4 ͣ> ͨ >
NasAl congastion
(nostril with tube in placa)
Nasal congastion
<nostril without tuba)
Nasal irritation/burning
(nostril with tuba in placa)
Nasal irritation/burning
(nostril without tuba)
Eye irritation/burning
Sore throat
Dizziness
(before rapid breathing)
Dizziness
(after rapid breathing)
Headache
Shortness of breath
Chest tightness
Cough
Pain on inspiration
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
Comments/suggestions
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MEAN  VENTILATORY  PARAMETERS  AND
MEAN  OZONE  REMOVAL  DATA  FOR  ALL
SUBJECTS
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APPEND IX     4-
NOTES
Note  A
Appendix 4 summarizes the data collected on each
subject. There are 18 observations for each subject
(each combination o-f breathing mode, breathing
ͣfrequency, and ozone concentration) with the exception
o-F subject number 002. Data collection was
inadvertently missed at the 0.2 ppm, 12 BPM, oronasal
mode combination. There are 17 observations -for
subject 002, and a total of 323 observations overall.
Note B
The following are the abbreviations used in the
legend  of   appendix   4i
OBS obisrvation nuabar
SUBJID        tubjict idantification nuabar
EDEMA pratanca  (Y)   or  abianca  (N)   of  adaaa at  any tiaa
during ozona axpotura
SYHP lubject noted  (Y)  or did not note  (N)  ozone-relited
pulaonary lyaptoaa on poat-axpotura quaationnaire
C0NTAR6      targeted ozone concentration   (ppa)
100
BHODE    braathing aoda
1" naial
2« oral
3> oronaial
BFREQTAR targitid braathing fraquancy (12 or 24 BPH)
OZCON   actual aabiant chaabar ozona concantration (ppa)
HTIN    aaan inapiratory tiaa (laconda)
HTEX    aaan axpiratory tiaa (aacondi)
MBFREQ   aaan braathing fraquancy achiavad (BPH)
HVIN    aaan inapiratory voluaa (litara)
MVEXP    aaan axpiratory voluaa (litara)
HFIN    aaan inapiratory floM (litara/aac.)
HFEX    aaan axpiratory floM (litara/aac.)
MMINVEN  aaan ainuta vantilation (litara/ainuta)
HADNP    aaan ozona raaoval by tha axtrathoracic airwaya (X)
HADLUNG  aaan ozona raaoval by tha intrathoracic airMaya (X)
DBS 8UBJI0 EDEMA 8VnP C0NTAR8 BHO
1 001 N N 0. 1 12 OOl N N 0. 1 13 001 N N 0. 1 24 OOl N N O. 1 29 001 N N 0. 1 36 001 N N 0. 1 37 OOl N N 0.2 18 001 N N 0.2 19 001 N N 0.2 210 001 N N 0.2 211 001 N N 0.2 312 001 N N 0.2 313 001 N N 0.4 114 001 N N 0.4 119 001 N N 0.4 216 001 N N 0.4 217 001 N N 0.4 318 001 N N 0.4 319 002 N V 0. 1 120 002 N Y 0. 1 121 002 N Y 0. 1 223 002 N Y 0. 1 223 002 N Y 0. 1 324 0O2 N Y 0. 1 329 0O2 N Y 0.2 126 0O2 N Y 0.2 127 002 N Y 0.2 228 002 N Y 0.2 229 002 0.2 330 002 N Y 0.2 331 002 N Y 0.4 132 002 N Y 0.4 133 002 N Y 0.4 234 002 N Y 0.4 239 002 N Y 0. 4 336 002 N Y 0.4 337 003 N N 0. 1 138 003 N N 0. 1 139 003 N N 0. 1 240 003 N N 0. 1 241 003 N N 0. 1 342 003 N N 0. 1 343 003 N N 0.3 144 003 N N 0.3 149 003 N N 0.2 246 003 N N 0.3 247 003 N N 0.2 348 0O3 N N O. 3 349 003 N N 0.4 190 003 N N 0.4 191 003 N N 0.4 292 003 N N 0.4 293 0O3 N N 0.4 394 0O3 N N 0.4 3
BFREOTAR  OZCON MTIN MTEX MBFREQ MVIN  MVEXP MFIN  MFEX  MMINVEN MADNP MADLUNO
12 0. 11 2.32 3.63 IS. 1 0.831 0.834 0.394 0.317 9.9 49. 1 82.724 0. 11 1. 12 1.39 23.9 0.779 0.801 0.699 0.980 18.6 38. 4 80.712 0. 11 2. 17 2.86 11.9 0.827 O. 818 0.382 0.286 9.9 33. 4 81.824 0. 11 1.04 1. 90 23. 7 0.899 O. 887 0.870 0. 998 21.3 41. 6 77. 912 0. 11 2. 37 2.64 12.0 0.860 0.866 0.363 0.328 10.3 47.9 78.024 0. 11 1. 18 1.43 23.0 0.841 0.821 0. 714 0. 979 19.3 46. 7 76. 112 0.20 2. 42 2. 99 12. 1 0. 930 0.924 0. 384 0.363 11.2 37.8 83.224 0.21 1. 18 1.36 23.6 0.711 0.714 0. 600 0.937 16.8 44.6 79.312 0.20 2.42 3. 96 12.0 0.707 O. 701 0.292 0.279 8.9 92.0 77.224 0.20 1. 19 1.39 24.0 0.666 0.661 0. 981 0.493 16.0 42. 7 78.812 0.20 2.49 2. 97 12.0 0.781 0.792 0.320 0.309 9.3 47. 1 79.724 0.21 1. 19 1.27 24.4 0.729 0.741 0.614 0.982 17.8 41.6 82. 112 0.40 2.36 2.71 11.8 0. 972 0. 990 0.243 0.318 6.8 44.2 88.624 0.40 1. 18 1.93 32. 1 0.903 0. 913 0.430 0.339 11. 1 40.8 86. 412 0.41 2.42 3.62 11.9 0.629 0.619 0.298 0.239 7. 4 36.9 87.024 0.40 1. 13 1. 48 23.0 0.689 0.676 0.607 0.460 19.8 39. 3 84.712 0.41 2.28 3.78 11.8 0. 989 0.962 0.297 0.202 6.9 98. 9 81. 724 0.38 1.03 1.48 23.9 0.621 0.637 0.609 0.431 14.9 42. 2 84. 912 0.09 2.44 3.47 12.2 0.667 0.669 0.279 0.271 8.2 44. 0 84. 124 0. 09 1.21 1.31 23.8 0.612 0.629 0. 908 0.483 14.6 39. 1 83.612 0.09 2.63 3.37 12.0 0. 739 0. 738 0.282 0. 311 8. 9 44. 0 84.834 0.09 1.27 1.21 24.2 0.693 0.696 0. 919 0. 949 19.8 44. 9 81. 412 0. 10 2.29 2.76 11.9 0.748 0.740 0.329 0.269 8.9 44. 6 86.424 0. 11 1.29 1.20 24. 1 0,617 0.621 0.480 0.918 14.9 99. 9 74.612 0.21 2. 99 2.41 12. 1 0. 729 0.729 0.289 0.303 8.8 46. 7 83. 924 0.21 1.29 1.20 24. 1 0.693 0.661 0. 908 0. 990 19.7 38.6 82.212 0.20 2.69 2.48 11.7 0. 732 0.738 0.277 0.300 8.6 60. 9 82.424
12
24
0.20 1.21 1.29 23.9 0. 766 0. 773 0.631 0.600 18.3 99. 7 76.6
0.21 1.31 i.  19 23^9 o!6a2 0.689 0. 920 0. 979 16.3 46.8 84*212 0.42 2.66 2.39 12.0 0.990 0. 996 0.207 0.237 6.6 43.7 84. 924 0.42 1.30 1. 19 24. 1 0. 914 0. 917 0.399 0.439 12.4 33.4 82.012 0.40 2.64 2. 40 11.9 0. 988 0. 966 0.223 0.237 7. 0 32. 9 90.024 0.42 1.29 1.23 23.8 0. 942 0. 948 0.420 0. 447 12.9 32.3 84.212 0. 41 2. 97 2.41 12.0 0. 973 0. 978 0.224 0.240 6.9 91.4 84.724 0.40 1.28 1.29 23. 7 0.949 0. 993 0.428 0. 443 13.0 49.8 84.612 0. 09 2.43 2.60 11.9 0.900 0. 493 0.207 0. 190 6.0 63.0 84.324 0.09 1. 13 1.37 24.0 0.434 0. 439 0.386 0.317 10.4 47.9 82.812 0.09 2.44 2. 90 12.2 0. 960 0. 961 0.230 0.226 6.8 49. 9 90. 424 0. 10 1. 17 1. 32 24. 1 0.472 0.469 0.403 0.394 11.4 43.6 84.912 0.09 2.44 2. 99 11.9 0. 992 0. 948 0.226 0.212 6.6 69.9 87.924 0.09 1. 17 1.36 23.7 0.487 0.482 0.417 0.399 11. 9 99.9 79.013 0.20 2.47 2.49 12. 1 0. 938 0. 942 0.220 0.219 6. 9 92.7 89.034 0. 19 1. 19 1.37 33.8 0.488 0.489 0.429 0.397 11.6 39.9 81.613 0.20 2.48 3.49 13. 1 0. 947 0. 949 0.221 0.333 6.6 62.7 82.334 0.21 1.21 1.39 24.0 0.487 0. 487 0.404 0.377 11.7 98.7 82.012 0.21 3.30 3. 93 12.4 0.631 0.643 0.271 0.363 7.7 99.8 88.724 0. 20 1. 10 1.37 34.3 0. 463 0. 469 0.432 0.342 11.2 47. 9 84.212 0. 41 3.92 3.46 13.0 0. 996 0. 949 0.220 0.339 6. 7 63.8 78.824 0.41 1. 18 1.39 33. 7 0.479 0. 483 0.406 0.360 11.4 97.2 79.212 0. 41 3. 96 3.43 13.0 0. 930 0.929 0.208 0.316 6.4 60.4 77. 924 0.40 1. 36 1.30 33.4 0. 449 0.449 0.396 0.346 10. 9 91.2 79.412 0.39 3.33 3.71 13. 1 0. 979 0. 987 0.260 0.316 7.0 99. 3 80.234 0.39 1. 18 1.31 34. 1 0.449 0.444 0. 376 0.339 10. 7 69.7 73.3
\».__
OBB SUBJID EDEMA 8YI1P CONTARO BMODE BFREQTAR OZCON MTIN MTEX MBFREO mvin MVEXP MFIN MFEX MHINVEN MADNP MADLUNC
ss 006 N N 0. 1 1 ia 0.09 1.98 8.36 13.8 0.689 0.734 0.399 0.314 9. 9 86. 9 87.7
96 006 N N 0. 1 1 84 0.09 1.81 1.86 84.3 0. 978 0.603 0.483 0.481 14. 1 86.3 89.0
97 006 N N 0. 1 a ia 0.09 8. 48 8.60 n.9 0.699 0.690 0.873 0.890 7.9 37.3 87.9
98 006 N N 0. 1 a 34 0. 10 1.30 1.83 83.8 0.648 0.690 0.499 0. 931 19. 4 43. 7 83. 1
99 006 N N 0. 1 3 ia 0.09 8.37 8.68 18.0 0.790 0.776 0.334 0.397 9.9 36. 1 88.0
60 006 N N 0. 1 3 84 0.09 1.86 1.83 34. 1 0.744 0.787 0.990 0. 993 17. 9 38. 3 83.3
6t 006 N N o. a 1 ia 0.81 8.83 3. 69 18.3 1.093 1.084 0.494 0.406 13. 3 38.0 88.7
63 006 N N o. a 1 84 0.81 1.83 1.88 33.9 1.311 1.819 0.989 0.999 89.0 39.6 88.4
63 006 N N o. a a ia 0.83 8.30 8. 77 11.8 1.063 1.093 0.463 0. 380 18.6 36.6 87.9
64 006 N N o.a a 84 0. 83 I. 19 1.33 33.8 0. 971 1.086 0.813 0.881 83. 1 99.7 71.7
69 006 N N o. a 3 ia 0.81 a. 49 8. 94 18.0 1.794 1.808 0.736 0.710 81.6 40. 4 87. 1
66 006 N N o.a 3 84 0.83 1. 19 1.36 33.6 1. 178 1. 169 0.999 0.899 87.8 49. 3 83.0
67 006 N N 0.4 i ia 0.44 8.88 8.68 13. 1 1. 198 1. 188 0. 909 0.441 14.0 18.3 91.9
68 006 N N 0.4 i 84 0.44 1.87 1.84 83. 9 1. 136 1. 138 0.893 0.911 87. 1 80.6 83.4
69 006 N N 0.4 a ia 0.48 8.46 8.46 18.8 1.341 1.316 0. 949 0. 939 16.3 86. 8 98.3
70 006 N N 0.4 a 84 0.44 1.83 1.87 34.0 1.476 1.976 1. 199 1.831 39.4 38.8 88.8
71 006 N N 0.4 3 ia 0.48 8.43 8.61 11.9 1.931 1. 983 0.631 0.984 18.8 81. 1 91. 9
72 006 N N 0.4 3 84 0.43 1.84 1.31 83. 9 1.680 1.799 1.399 1.343 39. 9 84.6 89. 1
73 Oil N Y 0. 1 1 ia 0. 11 8.69 8. 14 18.9 0.998 0.970 0.363 0.499 18.0 83. 7 99. 9
74 on N V 0. 1 1 84 0. 11 1.37 1.39 33. 1 1. 139 1. 193 0.839 0.904 89.8 17. 1 91.9
79 on N Y 0. 1 a ia o. n 3. 18 1.94 11. 9 1.049 1.099 0.341 0. 946 18.4 16.0 96.4
76 Oil N Y 0. 1 a 84 0. 11 1. 48 1.93 19.9 1. 144 1.094 0.779 0. 746 38.8 19.6 94.7
77 Oil N Y 0. 1 3 ia 0. 10 8.41 8.99 13. 1 0.493 0.497 0. 188 0. 179 9.9 68.8 90.3
78 Oil N Y 0. 1 3 24 o. n 1.98 1.31 81.8 1.809 1.888 0.840 0.968 89.6 38. 9 94.3
79 on N Y o.a i ia 0.80 8. 40 8.63 11.9 0.699 0.704 0.898 0.867 8. 3 39.4 96.3
80 Oil N Y o.a i 84 0.80 1.30 1.46 81. 7 0.663 0.671 0. 919 0.463 14. 4 37. 1 93.3
81 on N Y o.a a 18 0.80 8.31 8.48 18. 7 0.687 0.699 0.311 0.374 8. 7 38. 4 96.6
82 Oil N Y o.a a 84 0.80 1.88 1.38 33. 7 0.679 0.688 0. 961 0. 983 16. 1 83. 1 93.4
83 on N Y o.a 3 18 0. 19 8. 48 8.64 11.9 0.733 0.744 0.307 0.883 8. 7 90.3 96.3
84 on N Y o.a 3 84 0.80 1.89 1.83 34.8 0.666 0.679 0. 939 0.996 16. 1 33.0 94. 9
89 on N Y 0.4 1 18 0.41 8. 06 8.31 13. 8 0.774 0.768 0.380 0.336 10.6 43.0 97.4
86 on N Y 0.4 1 84 0.40 1.84 1.38 83. 4 0.643 0. 681 0.934 0.471 19. 0 34.3 99.6
87 on N Y 0.4 a 18 0.48 8.88 8.61 18.4 0. 778 0.797 0. 398 0.308 9.7 39.9 96.9
88 on N Y 0.4 a 84 0.41 1. 19 1.89 34. 9 0. 999 0. 990 0. 488 0.488 13.6 84. 9 93.8
89 on N Y 0.4 3 18 0. 41 8.37 8. 98 18.3 0.667 0.681 0.386 0. 871 8.8 43.4 98.3
90 on N Y 0.4 3 84 0. 41 1.84 1.88 33. 8 0.698 0.679 0. 968 0. 938 16.6 36. 9 96.9
91 016 N N 0. 1 1 18 0. 10 8.43 8. 90 18. 8 0.398 0.391 0. 168 0. 197 4.8 37. 0 89. 9
9a 016 N N 0. 1 1 84 0. 10 1.31 1.33 33.6 0.498 0.468 0. 391 0.379 10.8 38.9 88.8
93 016 N N 0. 1 a 18 0. 10 8. 30 a. 98 13. 3 0.410 0. 410 0. 178 0. 160 9.0 47.9 83.3
94 016 N N 0. 1 a 84 0. 10 1.86 1.88 84.8 0.490 0.496 0.391 0.406 11.9 48. 3 84.4
99 016 N N 0. 1 3 18 0. 10 8.88 8.86 11.8 0. 416 0.419 0. 189 0. 147 4. 9 46. 9 87. 9
96 016 N N 0. 1 3 84 0. 10 1.84 1.88 33. 8 0.447 0.460 0.363 0.360 10. 7 43.7 84. 1
97 016 N N o.a i 18 0.80 8. 13 8. 61 18.6 0. 989 0.616 0.374 0.337 7. 4 37.3 86.8
98 016 N N o.a i 84 0.80 1. 19 1.38 83. 3 0.873 0.878 0.331 0. 197 6.3 34.8 82.8
99 016 N N o.a a 18 0. 19 8.94 8.49 18. 0 0. 781 0.796 0.307 0. 384 9.4 33. 1 89.0
100 016 N N o.a a 84 0.80 1.88 1.39 83. 8 0.499 0.460 0.397 0.341 10. 4 34.6 83.3
101 016 N N o.a 3 18 0. 18 8.87 8.71 13.0 0.790 0. 743 0.333 0.879 9.0 37.0 84.0
ioa 016 N N o.a 3 84 0. 19 1. 19 1.38 83.9 0.381 0.408 0.380 0.310 9. 1 31. 7 80.3
103 016 N N 0.4 i 18 0.40 8.87 3.77 11.9 0.773 0.736 0.344 0.866 9.8 33.3 87.8
104 016 N N 0.4 i 84 0.41 1. 13 1.36 34. 1 0. 984 0.916 0.469 0. 388 18.6 39.7 83.3
109 016 N N 0.4 a 18 0.40 8.91 3.94 11.9 0.790 0.788 0.300 0.887 8.9 31.3 87.7
106 016 N N 0.4 a 84 0.40 1.83 1.38 83.9 0.696 0.683 0. 968 0.933 16.7 36. 1 88.8 mk
107 016 N N 0.4 3 18 0.38 8.88 8.64 18.8 0. 961 0.963 0.346 0.814 6.8 87.9 88.6 o
108 016 N N 0.4 3 34 0. 39 1. 83 1.37 83. 1 0.707 0.718 0.978 0.989 16.3 39.9 83.9 ͣ     ro
109 017 Y Y 0. 1 1
no 017 Y Y 0. 1 1
111 017 Y Y 0. 1 2
112 017 Y Y 0. 1 2
113 017 Y Y 0. 1 3
114 017 Y Y 0. 1 3
US 017 Y Y 0.2 1
116 017 Y Y 0.2 1
117 017 Y Y 0.2 2
116 017 Y Y 0.2 2
119 017 Y Y 0.2 3
120 017 Y Y 0.2 3
121 017 Y Y 0.4 1
122 017 Y Y O. 4 1
123 017 Y Y 0.4 2
124 017 Y Y 0.4 2
129 017 Y Y 0.4 3
126 017 Y Y 0.4 3
127 018 N N 0. 1 1
128 018 N N 0. 1 1
129 018 N N 0. 1 2
130 018 N N 0.1 2
131 018 N N 0. 1 3
132 018 N N 0. 1 3
133 018 N N 0.2 1
134 018 N N 0.2 1
139 018 N N 0.2 2
136 018 N N 0.2 2
137 018 N N 0.2 3
138 018 N N 0.2 3
139 018 N N 0.4 1
140 018 N N 0.4 1
141 018 N N 0.4 2
142 018 N N 0.4 2
143 018 N N 0.4 3
144 018 N N 0. 4 3
149 019 N N 0. 1 1
146 019 N N 0. 1 1
147 019 N N 0. 1 2
14B 019 N N 0. 1 2
149 019 N N 0. 1 3
190 019 N N 0. 1 3
191 019 N N 0.2 1
192 019 N N 0.2 1
193 019 N N 0.2 2
194 019 N N 0.2 2
199 019 N N 0.2 3
196 019 N N 0.2 3
197 019 N N 0.4 1
198 019 N N 0.4 1
199 019 N N 0.4 3
160 019 N N 0.4 2
161 019 N N 0.4 3
162 019 N N 0.4 3
REQTAI1  OZCON WIN MTEX MBFREQ HV1N MVEXP MFIN MFEX MMINVEN MADNP HADLUM
12 0. 11 2.06 2.60 12.9 0.673 0.646 0.343 0. 296 8. 7 91. 9 41.8
24 0. 12 1.26 1.24 23.9 0.628 0.606 0.496 0.487 19.0 92. 1 42. 1
12 0. 11 2.30 2.69 12.0 0.794 0.702 0.328 0.261 9. 1 39.4 67.8
24 0. 11 1.30 1. 19 24. 1 0.691 0.631 0. 901 0.933 19.7 27. 9 60.0
12 0.09 2. 14 2. 99 12.7 0.679 0.661 0.321 0.269 8.6 47. 7 72.4
24 0. 09 1.29 1.31 23. 1 0.601 0. 974 0.466 0.438 13.9 29.8 82.2
12 0. 19 2. 18 2. 82 12.0 0.703 0.694 0.322 0.246 8.4 49.0 69.2
24 0.20 1.27 1.29 23.8 0.649 0.629 0. 913 0. 904 19. 4 49.8 63.7
12 0.21 2. 17 2.82 12.0 0.669 0.693 0.309 0. 232 8.0 42.0 77.8
24 0. 19 1.21 1.29 24.0 0.633 0.618 0. 923 0. 489 19.2 37.6 76. 9
12 0.21 2. 18 2.87 11.9 0.689 0.687 0.321 0.243 8. 1 47. 6 64.9
24 0.21 1.23 1.29 23.8 0.684 0.691 0. 996 0.939 16.3 44. 4 63.9
12 0.38 2.37 2.63 12.0 0.647 0.643 0.279 0.247 7.8 48.9 88.7
24 0.38 1.29 1.22 23.8 0. 964 0.963 0. 439 0.463 13.9 43.4 89.9
12 0.39 2.23 2.82 11.9 0.642 0.692 0. 289 0.232 7.6 34.9 90.9
24 0. 38 1.20 1.26 24.4 0. 929 0.912 0. 444 0.408 12.9 61.8 80.9
12 0. 37 1.92 2.49 13.6 0.613 0 60S 0.328 0.249 8.3 90.8 86. 9
24 0.37 1. 14 1.38 23.7 0.964 0.964 0. 492 0.409 13.4 44. 4 89.9
12 0.09 2.26 2.78 11.9 0.494 0.484 0.221 0. 179 9.9 93. 4 97.2
24 0.09 1.24 1.28 23.8 0. 949 0.946 0.439 0. 426 13.0 91. 1 91.9
12 0. 10 2.22 2.70 12.2 0.900 0.497 0.228 0. 189 6. 1 63. 9 100.0
24 0. 10 1.29 1.29 24.0 0.497 0.489 0.399 0.388 11.9 96. 6 96.0
12 0.09 2.23 2.60 12.4 0.484 0.497 0.220 0. 177 6.0 73.2 99.4
24 0. 10 1.43 1.33 21.7 0.441 0.434 0.310 0.326 9. 6 64.8 86.6
12 0.22 2.07 2.89 12. 1 0.939 0.926 0.262 0. 182 6. 9 31. 3 98.8
24 0.23 1.22 1.24 24.3 0.469 0. 476 0.384 0.383 11.4 46.4 91. 4
12 0.24 2.26 2.73 12.0 0.939 0.929 0.239 0. 199 6.4 66.4 99. 1
24 0.23 1.31 1.24 23.6 0. 964 0.960 0.433 0.492 13.3 63. 8 90. 1
12 0. 23 2.21 2. 96 12.6 0. 930 0.929 0. 241 0.209 6. 7 67.7 97.8
24 0.22 1.22 1.29 24.3 0.911 0.909 0.421 0. 407 12. 4 63.0 93.3
12 0.47 2. 11 2.83 12. 1 0.962 0.969 0.268 0.201 6.8 46.0 98.4
24 0.47 1.22 1.47 22.3 0.476 0.473 0.389 0.321 10.6 98. 1 94.4
12 0.47 2.24 2.78 12.0 0.981 0.987 0.260 0.213 6.9 62.7 98.3
24 0. 47 1.22 1.29 24.3 0.976 0. 981 0. 473 0. 466 14.0 34.6 99. 1
12 0.47 2.26 2.68 12. 1 0.618 0.612 0.279 0.229 7.9 49.2 98. 9
24 0.47 1.34 1.36 22.2 0.993 0.949 0.416 0. 409 12.3 39. 9 96.2
12 0.09 2.37 2.70 11.8 0.627 0. 991 0.266 0.219 7. 4 90.6 80.8
24 0.09 1. 13 1.33 24.4 0.923 0. 921 0.464 0. 391 12. 7 49.7 76.0
12 0.09 2.94 2. 49 11.9 0.623 0.610 0.249 0.249 7. 4 99.9 76.6
24 0. 09 1. 18 1.36 23.7 0.993 0. 996 0. 906 0.441 14. 1 48.2 79.7
12 0.09 2.39 2.81 11. 9 0.998 0.632 0.291 0. 229 6.9 47.2 79.0
24 0.09 1. 18 1.38 23. 9 0.632 0.619 0. 938 0.447 14.8 42.7 74.7
12 0. 19 2.43 2. 99 11.9 0.978 0. 936 0. 406 0.369 11. 7 31. 4 84.4
24 0. 19 1.23 1.28 23.9 0.874 0.872 0.712 0.683 20.9 31.8 78.0
12 0. 19 2.39 2.69 12.0 0.929 0.889 0.397 0.339 11.2 30.3 82.4
24 0. 19 1.29 1.29 24.0 0.891 0.872 0.714 0.702 21.4 39.4 76.2
12 0. 18 2.33 2.73 11.9 0.909 0.891 0.391 0.327 10.7 49. 9 80.4
24 0. 19 1. 19 1.30 24. 1 0.907 0. 888 0.764 0.684 21.8 39. 1 77.3
12 0. 37 2.20 2.88 11.8 0.694 0.696 0.298 0.228 7. 7 47.9 83. 4
24 0.36 1. 17 1.33 24. 1 0.962 0. 960 0.482 0.423 13. 9 41.6 77.6
12 0.38 2.39 2.71 11.9 0.923 0. 990 0.224 0.204 6.2 40.8 84.4
24 0.38 1. 17 1.33 24.0 0. 938 0. 939 0.499 0.402 12.9 90.0 78. 1
12 0.36 2.27 2.74 12.0 0.723 0. 717 0.319 0.264 8.7 93.7 82. 1
24 0.38 1.29 1.34 23.2 0.997 0.928 0.448 0.399 12.9 90.0 78. 1
o
CO
DBS  8UBJID  EDEMA  SYHP  CONTARO  BMODE  BFREQTAR  OZCON  MTIN  MTEX  MBFREQ  MVIN   MVEXP  MFIN   MFEX   MMINV/EN  MADNP  MADLUNO
163 023 N N 0. 1 1 12 0. 11 2. 49 2.60 11.9 0.483 0.468 0. 198 0. 181 9. 7 34.2 94.9
164 023 N N 0. 1 1 24 0. 12 1. 19 1.24 24.6 0.642 0.638 0.949 0.913 19.8 28.8 91.0
169 023 N N 0. 1 2 12 0. 11 2.61 2.42 11.9 0.629 0.633 0.244 0.263 7.9 91.7 99.9
166 023 N N 0. 1 2 24 0. 11 1. 43 1.08 23.9 0.792 O. 749 0.928 0.696 18.0 90.2 92.2
167 023 N N 0. 1 3 12 0. 10 2.90 2.36 12.4 0.990 0. 999 0.237 0.299 7.3 46. 9 96.2
168 023 N N 0. 1 3 24 0. 11 1.23 1.20 24.7 0.683 0.688 0.994 0. 989 16.9 47.0 92.3
169 023 N N 0.2 1 12 0.23 1.99 1.87 19.9 0.779 0.793 0.399 0.427 12.0 43.0 99. 1
170 023 N N 0.2 1 24 0.24 1. 17 1. 16 29.8 0.811 0.822 0.702 0.711 20. 9 41. 9 94.6
171 023 N N 0.2 2 12 0.22 2.42 2.42 12.4 0.993 0.980 0.410 0.408 12. 3 38.4 99.4
172 023 N N 0.2 2 24 0.24 1. 33 1. 12 24. 4 0.899 O. 888 O. 678 0. 792 21.9 90.4 94.6
173 023 N N 0.2 3 12 0.22 2. 29 2.26 13.3 0.810 0.806 0.367 0.398 10.8 39.4 97.4
174 023 N N 0.2 3 24 0.23 1.20 1.23 24.7 0.792 0. 786 0.699 0.640 19. 9 39. 4 97. 7
17S 023 N N 0.4 1 12 0.44 1.89 2. 16 19.0 0.920 0. 903 0.284 0. 233 7.8 31. 7 99.3
176 023 N N 0.4 1 24 0.44 1. 19 1.33 23.9 0. 996 0. 939 0.474 0.406 13.3 23.2 99.8
177 023 N N 0.4 2 12 0.44 1.89 2.34 14.2 0.621 O. 628 0.328 0.269 8.8 31.9 98.4
178 023 N N 0.4 2 24 0. 41 1.31 1. 12 24.6 0.992 0.998 0.424 0. 901 13.6 49.9 93.7
179 023 N N 0.4 3 12 0.49 2. 18 2.73 12.2 0.991 0. 932 0.299 0.200 6.7 32.2 99.9
180 023 N N 0.4 3 24 0.44 1.21 1.33 23.6 0.991 0.979 0.487 0.438 14.0 33.7 97.6
181 024 N V 0. 1 1 12 0.09 2.39 2.63 11.9 0.946 0.993 0.397 0.363 11.3 49.0 97.4
182 024 N Y 0. 1 1 24 0.09 1. 13 1.38 23.8 0.792 0. 794 0.669 0. 949 17.9 42. 1 91.3
183 024 N Y 0. 1 2 12 0. 11 2.48 2.91 12.0 0.882 0.869 0.397 0.347 10. 6 44. 1 96.0
184 024 N Y 0. 1 2 24 0. 11 1.24 1.39 23.8 0.989 0.967 0.889 0.696 23. 9 33. 3 93.8
189 024 N V 0. 1 3 12 0. 10 2.30 2.72 U.9 0.890 0.879 0.392 0.329 10.6 76.7 99.6
186 024 N Y 0. 1 3 24 0. 10 1. 19 1.32 24.0 0.840 0.839 0.718 0.639 20. 1 62.9 94.0
187 024 N Y 0.2 1 12 0.22 2.31 2.69 12.0 0.907 0.909 0.394 0.338 10.9 40.8 99.9
188 024 N Y 0.2 1 24 0.20 1. 14 1.37 24.0 0.827 0.890 0.729 0.622 19.8 30. 4 99. 1
189 024 N Y 0.2 2 12 0. 19 2. 91 2. 97 11.8 0.846 0.829 0.338 0.323 10.0 33. 4 100 0
190 024 N Y 0.2 2 24 0. 19 1.29 1.30 23.6 0.983 0.949 0.789 0. 739 23.2 27.7 98.4
19t 024 N Y 0.2 3 12 0. 21 2.37 2.62 12.0 0.879 0.889 0.370 0.338 10. 9 69.2 98.8
192 024 N Y 0.2 3 24 0.21 1.21 1.36 23.4 0.897 0.910 0.749 0.673 21.0 42.0 92.7
193 024 N Y 0.4 1 12 0. 44 2.39 2.61 12. 1 0.911 0.871 0.388 0.334 11.0 43.7 97. 9
194 024 N Y 0.4 1 24 0.46 1. 19 1.32 24.3 0.741 0.746 0.649 0. 967 18.0 60. 7 96.6
199 024 N Y 0.4 2 12 0. 44 2. 49 2. 94 U.9 0.802 0.772 0.324 0.309 9.6 61.0 99. 9
196 024 N Y 0.4 2 24 0. 43 1.20 1.28 24.2 0.807 0.813 0.673 0.639 19. 9 41.6 97.2
197 024 N Y 0.4 3 12 0.39 2.36 2.98 12. 1 0. 786 0.763 0.334 0.296 9.9 74.0 100.0
198 024 N Y 0.4 3 24 0.43 1. IB 1.39 23.7 0.809 0. 790 0.684 0. 988 19. 1 62. 9 98.3
199 027 N N 0. 1 1 12 0. 12 2. 76 2.31 11.8 0.861 0.892 0.312 0. 370 10.2 98.3 97.7
200 027 N N 0. 1 1 24 0. 13 1.27 1.31 23.3 0.903 0.881 0.716 0.680 21.0 97.0 94.9
201 027 N N 0. 1 2 12 0. 11 2.23 2.76 12.0 0.972 0.981 0.440 0.360 11.7 64. 1 100.0
202 027 N N 0. 1 2 24 0. 11 1. 16 1.37 23.7 1.001 0.984 0.869 0. 719 23. 7 60.2 94.0
203 027 N N 0. 1 3 12 0. 11 2. 48 2.96 11. 9 0.893 0.893 0.364 0.393 10.6 67.0 97. 1
204 027 N N 0. 1 3 24 0. 11 1.32 1.31 22.8 0.978 0.990 0.790 0.721 22.3 62.9 94.3
209 027 N N 0.2 1 12 0.22 2. 46 2. 92 12.0 1.008 1.012 0.418 0. 403 12. 1 24.3 99.8
206 027 N N 0.2 1 24 0.22 1.24 1.29 23.7 0.883 0.872 0.713 0.679 21.0 30.7 98.2
207 027 N N 0.2 2 12 0.23 2.44 2.90 12. 1 0.999 0.961 0.392 0.388 11.6 34.3 100.0
208 027 N N 0.2 2 24 0.22 1.32 1.21 23.7 0.919 0.912 0.700 0. 796 21.7 22.6 93.9
209 027 N N 0.2 3 12 0.23 2. 43 2. 92 12. 1 0.992 1.002 0.413 0. 398 12.0 96.4 100.0
210 027 N N 0.2 3 24 0.23 1. 19 1.23 24.8 0.869 0.864 0.732 0.706 21. 9 43. 1 97.3
211 027 N N 0.4 1 12 0.42 2.44 2.06 13.3 0.819 0.819 0.341 0.401 10.9 31.8 97.9
212 027 N N 0.4 1 24 0.41 1.21 1.30 23.9 0.896 0.879 0.711 0.672 20. 9 23.2 97. 1
213 027 N N 0.4 2 12 0.42 2.43 2.64 11.8 0.746 0.727 0.318 0.277 8.8 37.6 98.3
214 027 N N 0.4 2 24 0.42 1. 16 1.29 24.9 0.816 0.811 0.711 0.631 20.0 31.4 96.8
219 027 N N 0.4 3 12 0.41 1.79 1.76 16.9 0.693 0.692 0.391 0.396 11.7 33. 9 96. 7
216 027 N N 0.4 3 24 0.42 1. 24 1.29 23.7 0. 789 0.769 0.636 0.601 18.6 34.4 99.9
0B8  BUBJ1D  EDEHA  SVMP  CONTARO  BMODE  BFREQTAR  OZCON  MTIN  MTEX  MBFREQ  MVIN   MVEXP  MFIN   MFEX   MMINVEN  MAONP  MADLUNO
217 039 Y Y 0. 1 1 13 0.09 2. 92 2.43 12. 1 0.702 0. 709 0.379 0.293 8. 9 44. 4 96.6
218 039 Y Y 0. 1 1 34 0.09 1. 16 1. 36 23.8 0.322 0. 294 0.378 0.216 7.7 43.0 94.2
319 039 Y Y 0. 1 3 13 0. 10 2. 94 2.41 12. 1 0.642 0. 628 0.293 0.262 7.8 47. 4 94. 1
220 029 Y Y 0. 1 3 34 0. 09 I. 19 1.24 24. 6 0.487 0.479 0. 409 0.387 12.0 36.8 92.7
221 029 Y Y 0. 1 3 13 0.09 2.46 2.44 12.2 0.614 0.623 0.291 0.296 7.9 90. 9 93.8
222 029 Y Y 0. 1 3 34 0.09 1.36 1. 14 24.0 0.984 0. 961 0.429 0.496 14.0 64. 9 88. 9
223 029 Y Y 0.3 1 13 0. 19 2.38 2.48 12.3 0.723 0.734 0.304 0.301 8.9 43.8 100.0
224 029 Y Y 0.3 1 34 0. 19 1. 16 1.32 24.2 0.371 0.400 0.320 0.306 9.0 39. 9 97.8
229 029 Y Y 0.3 3 13 0. 19 2.31 2.49 12.6 0.643 0.631 0.277 0.299 8. 1 49.2 99. 9
226 029 Y Y 0.3 3 24 0. 19 1. 18 1.26 24.6 0.486 0. 476 0. 414 0.378 12.0 43.0 99.6
227 029 Y Y 0.3 3 12 0.21 2.23 2.67 12.2 0. 992 0. 972 0.249 0.217 6.8 64. 9 97.7
228 029 Y Y 0.3 3 34 0.20 1. 17 1.33 24.0 0.912 0. 909 0.437 0.384 12.3 62.7 94.3
329 029 Y Y 0.4 1 13 0. 38 2.21 2.94 12.6 0.874 0.840 0.396 0.332 11.0 24.9 99. 1
230 039 Y Y 0.4 1 34 0.38 1. 19 1.38 23.7 0.479 0.499 0.418 0.333 11.4 42.0 97.6
331 039 Y Y 0.4 3 13 0.39 2.24 3.43 12.9 0.800 0.786 0.371 0.332 10.3 44. 9 98.6
338 039 Y Y 0.4 3 34 0. 40 1.27 1.31 23.3 0.611 0.998 0.489 0. 427 14.2 49.4 97.6
333 039 Y Y 0.4 3 13 0.40 2.49 3.44 12.2 0.797 0.832 0.324 0.341 9.7 92.3 99.0
334 039 Y Y 0.4 3 34 0.41 1.33 1.27 23. 1 0.611 0.620 0.469 0.491 14. 1 96.7 97.0
339 030 Y Y 0. 1 1 13 0. 10 2.64 3.33 12. 1 0.891 0.884 0. 341 0.381 10.8 40. 9 99.7
336 030 Y Y 0. 1 1 34 0. 10 1. 90 1.04 23.6 0.797 0.769 0. 904 0.738 17.8 23.8 97.6
337 030 Y Y 0. 1 3 13 0. 10 2.81 2. 16 12. 1 0.891 0.891 0.303 0.397 10.3 79. 0 100.0
338 030 Y Y 0. 1 2 34 0. 10 1. 48 1.01 24.2 0. 744 0.798 0. 908 0.794 18.0 73. 4 98.6
339 030 Y Y 0. 1 3 13 0.09 2.94 2.04 12. 1 0.808 0.789 0.276 0.398 9.7 33. 9 100.0
340 030 Y Y 0. 1 3 34 0. 10 1.27 1.22 24. 1 0.786 0.789 0.622 0.690 18.9 27.8 96.6
341 030 Y Y 0.3 1 13 0. 19 2.61 3.39 12.4 0.826 0.826 0.317 0.370 10.2 36.8 100.0
343 030 Y Y 0.3 1 34 0. 19 1. 41 1. 13 23.7 0.903 0.914 0.641 0.819 21.4 29.9 98.0
343 030 Y Y 0.3 2 13 0. 19 2. 96 3. 49 11.9 0.910 0.911 0.396 0.366 10.8 90.9 100.0
344 030 Y Y 0.2 2 24 0. 19 1.28 1.20 24.2 0.968 O. 977 0. 760 0.816 23. 9 42.7 99.7
349 030 Y Y 0.2 3 12 0. 17 2.63 2.34 12. 1 0.938 0.928 0.399 0.397 11.3 94.8 100.0
346 030 Y Y 0.2 3 24 0. 17 1. 49 1.01 24.0 0.886 0.904 0. 998 0.898 21.3 93.3 99. 1
347 030 Y Y 0.4 1 12 0.39 2.46 2.39 12. 9 0.896 0.886 0. 364 0.378 11.2 30.3 100.0
348 030 Y Y 0.4 1 24 0. 40 1.37 1.21 23.3 0.818 0.809 0. 999 0.677 19.0 29.7 97.8
349 030 Y Y 0.4 2 12 0.38 2.61 2.42 11.9 0.868 0.897 0. 339 0.399 10.3 49.9 100.0
390 030 Y Y 0.4 2 24 0.40 1.39 1. 14 23.8 0.973 1.003 0.709 0.892 23. 1 47. 3 99.0
391 030 Y V 0.4 3 12 0. 40 2. 94 2.49 12.0 0.889 0.899 0.391 0.367 10. 7 37.7 100.0
393 030 Y Y 0.4 3 24 0.39 1.30 1.24 23.6 0.839 0.842 0.692 0.690 19.8 28.8 99.2
393 031 Y Y 0. 1 1 12 0. 13 2. 47 2.47 12.2 1. 906 1.484 0.611 0.602 18.3 37. 1 100.0
394 031 Y Y 0. 1 1 24 0. 13 1 28 1.21 24. 1 1.299 1.249 0.989 1.032 30.4 47.8 96.9
399 031 Y Y 0. 1 2 12 0. 12 2. 91 2. 90 12.0 1.689 1.687 0.678 0.679 20.2 90. 7 100.0
396 031 Y Y 0. 1 2 24 O. 12 1.28 1.21 24.2 1.482 1. 971 1. 166 1 300 39.8 92. 7 99.8
397 031 Y Y 0. 1 3 12 0. 13 2.44 2.91 12. 1 1. 932 1. 926 0.630 0.608 18.6 92.9 100.0
298 031 Y Y 0. 1 3 24 0. 13 1. 16 1.30 24.4 1.382 1.388 1. 193 1.076 33.7 62.2 93.9
299 031 Y Y 0.2 1 12 0. 17 2.31 2 60 12.2 0.998 1.013 0.432 0.391 12.2 31.0 99. 7
260 031 Y Y 0.2 1 24 0. 19 1.20 1.28 24.2 0.630 0.631 0. 928 0.486 19.3 40. 9 96. 9
361 031 Y Y 0.3 2 12 0. 19 2.41 2. 99 12.0 1. 124 1. 117 0.466 0.431 13.9 49.0 100.0
363 031 Y V 0.3 2 24 0. 19 1.20 1.29 24.2 1.394 1.377 1. 149 1.073 32. 7 42. 1 96.2
363 031 Y Y 0.3 3 12 0. 19 2. 41 2. 99 12. 1 1.469 1.463 0.612 0. 978 17.8 41.4 100.0
364 031 Y Y 0.3 3 24 0. 19 1.30 1.20 24.0 1.468 1.909 1. 130 1.298 39.3 46.7 96.9
369 031 Y Y 0.4 1 12 0.38 2.49 2.90 12. 1 1.038 1.033 0.429 0.414 12.6 33.8 100.0 •*
366 031 Y Y 0.4 1 24 0.41 1.29 1. 19 24.2 0.902 0.933 0.699 0.780 21.9 37.0 97.4 o
367 031 Y Y 0.4 3 12 0.40 2. 96 2.39 12. 1 1. 198 1. 178 0.468 0.493 14.9 42. 1 100.0 01
368 031 Y Y 0.4 3 24 0.42 1. 19 1.33 23.8 0.931 0.949 0.788 0.717 22.2 41.7 98.9
369 031 Y Y 0.4 3 12 0.41 2.63 2.39 11.9 1.066 1.070 0.409 0.449 12.7 91.0 100.0 .
370 031 Y Y 0.4 3 24 0. 42 1. 18 1.29 24.6 0.970 0.966 0.822 0. 772 23.9 43. 9 98. 4
DBS  8UBJID  EDEMA  8VMP  CONTARO  BMODE  BFREQTAR  OZCON  MTIN  MTEX  MBFREQ  MVIN   HVEXP  MFIN   HFEX   MMINVEN  MADNP  MADUUNO
271 032 N V 0. 1 1
272 032 N Y 0. 1 1
273 032 N Y 0. 1 2
274 032 N V 0. t 2
279 032 N Y 0. 1 3
276 032 N Y 0. 1 3
277 032 N Y 0.2 1
278 032 N Y 0.2 1
27? 032 N Y 0.2 2
280 032 N Y 0.2 2
281 032 M Y 0.2 3
282 032 N Y 0.2 3
283 032 N Y 0.4 1
284 032 N V 0.4 1
289 032 N Y 0.4 2
286 032 N Y 0.4 2
287 032 N Y 0.4 3
286 032 N Y 0.4 3
289 033 Y N 0. 1 1
390 033 V N 0. 1 1
291 033 V N 0. 1 2
392 033 Y N 0. 1 2
293 033 V N 0. 1 3
294 033 y N 0. t 3
299 033 V N 0.2 1
296 033 Y N 0.2 1
297 033 Y N 0.2 2
298 033 Y N 0.2 2
299 033 Y N 0.2 3
3O0 033 Y N 0.2 3
301 033 Y N 0.4 1
302 033 Y N 0.4 1
303 033 Y N 0.4 2
304 033 Y N 0.4 2
309 033 Y N 0.4 3
306 033 Y N 0.4 3
307 034 Y N 0. 1 1
308 034 Y N 0. 1 1
309 034 Y N 0. 1 2
310 034 Y N 0. 1 2
311 034 Y N 0. 1 3
312 034 Y N 0. 1 3
313 034 Y N 0.2 1
314 034 Y N 0.2 1
319 034 Y N 0.2 2
316 034 Y N 0.2 2
317 034 Y N 0.2 3
318 034 Y N 0.2 3
319 034 Y N 0.4 1
320 034 Y N 0.4 1
321 034 Y N 0.4 2
322 034 Y N 0.4 2
323 034 Y N 0.4 3
324 034 Y N 0.4 3
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
12
24
0.09
0.09
0.09
0.09
0.09
0.09
0. 19
0.20
0. 19
0. 19
0.20
0. 19
0.39
0.41
0. 40
0. 41
0. 40
0.41
0.09
0.09
0.09
0.09
0.09
0.09
0.21
0.21
0.20
0.20
0.20
0.20
0. 40
0.40
0.40
0.42
0.41
0. 41
0.09
10
11
11
09
10
20
20
21
20
0.20
0.20
0. 42
0. 42
0. 42
0. 41
0. 41
0.41
2.63
1. 14
2.91
1.22
2.43
1. 11
2. 98
1.69
2.44
1.31
2. 93
1.21
2.69
1. 11
1.99
1. 11
2.39
1. 11
2. 96
1.28
2. 96
1.33
2. 60
1.28
2. 96
1. 16
2. 99
1.20
2. 96
1.31
2. 48
1.24
2. 93
1.27
2.62
1.24
2.29
1.39
2.30
1. 19
2.29
1.07
2.42
1. 19
2.28
1. 10
2.34
1.09
2. 16
1.29
2. 17
1.22
2.29
1.29
2.30
1.31
2.39
1.27
2. 93
1.32
2.22
1.40
2.26
1.39
2.39
1.26
2.28
1.40
2.37
1.30
2. 96
1.37
2.39
1. 19
2.41
1. 18
2.34
1. 19
2.42
1.29
2.42
1.28
2.93
1. 19
2.46
1.29
2.46
1.20
2.42
1.29
2. 99
1. 90
2.60
1.31
2. 72
1.40
2. 93
1.32
2.69
1.34
2.64
1.41
2. 94
1.34
2.07
1.34
2.74
1. 29
12.2
24. 9
12.2
24. 1
12. 1
24.7
12. 9
19.4
12.8
22.2
12.2
24.3
12.2
23. 9
13.8
24. 9
12. 1
24.2
12.2
24.2
12. 1
24.0
12.2
24. 3
12.0
24. 9
12. 1
24. 3
11.8
24. 4
12. 1
24.0
12.0
24.2
11.9
23. 7
12. 4
21. 1
12. 2
24. 4
12.0
24. 3
12. 1
23.9
12. 1
24.6
12.0
24.0
12. 8
23. 1
14. 1
23. 4
12.0
23. 7
O. 797
0.766
0.828
0.839
0.814
0.822
0.814
1.012
0.993
1.022
0.820
0.962
0.696
0. 992
0. 732
0.979
0.704
0. 994
1. 113
0.720
1.364
1. 184
1. 338
1.299
1.217
0.818
1.684
1.644
1.696
1.494
0.887
0.767
1.002
1.020
1.218
1.070
1.332
0.806
1.308
1. 189
1.397
1.274
0.971
0.977
1. 119
1.291
0. 964
1.087
1. 188
0.882
1.280
1. 939
1.294
1. 964
0.821
0.766
0.831
0.891
0.841
0.820
0.808
0.996
0.919
1.018
0.814
0. 999
0.691
0.606
0.731
0. 993
O. 696
O. 986
1.080
0.732
1.386
1.263
1.349
1.290
1.211
0. 788
1.639
1.741
1.678
1.449
0.867
0.710
1.013
1.032
1. 194
1.020
1.329
0.846
1.284
1. 194
1.491
1.311
0.973
1.003
1.096
1.338
0.939
1. 129
1. 171
0. 869
1.279
1.929
1.279
1. 941
0.302
0.682
0.333
0.688
0.339
O. 747
0.324
0.604
0.392
0. 782
0.329
O. 799
0.263
0. 939
0.368
0. 924
0.296
0. 938
0.437
0. 960
0. 933
0.896
O. 917
1.019
0.479
0.710
0. 663
1.374
0. 690
1. 119
0. 399
0.618
0.396
0.801
0. 469
0.862
986
612
967
042
610
234
402
0.826
0.490
1. 179
0. 414
1.002
O. 993
0. 709
0. 993
1.269
0. 979
1.299
0.399
0.984
0.391
0.670
0.339
0.620
0.369
0.719
0.407
0.734
342
769
303
433
308
0.499
0.274
0.429
0.460
624
980
083
977
099
901
0.619
0.678
1.368
0.669
1.263
0.392
0. 963
0.413
0.898
0.499
0. 789
0. 921
0. 972
0.496
0.913
0. 934
0.943
0.389
0.774
0.409
1.013
0.394
798
461
679
620
141
467
9.7
18.8
1
1
8
3
2
7
2
7
0
1. 198
10.
20.
9.
20.
10.
19.
12.
22.
10.
23. 4
8. 9
14. 1
10. 1
14.3
8. 9
14. 4
13.6
17.4
16. 9
28.4
16.3
31. 9
14.6
20. 1
20.4
39. 9
19. 9
39. 9
10. 8
18.4
12. 1
24.7
14.9
29.4
16. 9
17.0
16.0
29.0
16.7
31.0
11. 8
23.4
13.9
31.7
11. 6
26. 1
19.2
20.4
18. 1
36.0
19.6
37.0
41.4
24. 1
39.3
32.6
37. 1
36.2
39.2
27.6
29. 4
38. 4
43.4
41.9
30.6
26.2
32.9
40.3
39.0
36.3
33.8
39.2
72.7
72.4
47.6
46.8
42. 9
31.0
68.3
62. 1
39.6
31.3
82. 7
79.0
82. 9
70.9
64.9
67.2
36.8
38. 9
37.6
29.9
42. 9
49.6
48.8
49.2
93.9
46.7
90.4
92.8
33.9
36. 1
44.4
40.3
48.8
46. 9
99.9
96.9
100.0
100.0
100.0
100.0
100.0
99.3
100.0
99.4
100 0
100.0
97. 7
99.8
98.9
99.8
97.8
97.6
96.6
90. 1
98.6
92.6
98. 8
88.6
100.0
98. 1
100.0
92.6
99. 1
97.7
100.0
98.2
99.9
96.0
100.0
96.7
96.0
99.6
98.7
92.9
98.4
91.6
99.6
96.4
100.0
96.8
99.8
99.2
99.3
98.7
99.0
96.3
99.9
96.2
o
